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ABSTRACT
The effect of L~lysine'HCl supplementation of rice protein 
upon mineral utilization in rat tissue was investigated.
In these research studies, which were performed with laboratory 
rats, four levels of L-lysine-HCl (0, 1, 3 and 5% of the diet) were 
used to supplement a diet whose protein was composed of both native 
protein from polished rice, and simulated rice protein formulated 
from crystalline L-amino acids, which duplicated the rice amino 
acid profile. The response caused by various levels of lysine 
supplementation in tissue calcium, iron, magnesium, zinc and 
potassium was determined and analyzed statistically. Dietary 
minerals were obtained from both the basal diet and supplements 
of CaCC>3 and FeS04*7H20 which doubled the Ca and Fe in the diet.
These studies included sixteen rice diet variations at four 
lysine supplementation levels. Four treatment variations were used 
to study each lysine level: two with added CaC04 and two with added 
Fe2S04*7H20. Reference diets employed were the basal rice diet 
and a similar diet containing 15% casein. The statistical design 
was a 4 x 2 x 2 factorial arrangement in a randomized block design 
with 4 replicates for the casein reference diet, 5 for the 0% lysine 
treatments, and 6 for all other lysine levels.
Ninety-six male Sprague-Dawley weanling rats were divided into 
seventeen treatment groups by the statistical arrangement cited.
For 21 days, the rats were fed a 15% protein diet containing rice 
meal, simulated rice protein, vitamins, minerals, 5% com oil and 
various supplements. They were then euthanized and the right femur, 
right kidney, right longissimus dorsi, liver and spleen were excised 
and analyzed for iron, calcium, zinc, magnesium and potassium by 
atomic absorption spectrophcmetry.
The results were subjected to ccrputer-aided analysis of 
variance. Comparison of the mean values of mineral content in 
each tissue was achieved by application of Duncan's multiple range 
test.
It was found that the effects of lysine supplementation of 
rice protein were not predictable with no stepwise changes in tissue 
mineral content. However, lysine, lysine-iron, lysine-calcium, lysine- 
iron-calcium interactions with tissue mineral content, significant at 
the 0.01 probability level, were found in every tissue examined.
Bone calcification was not affected by supplementation. However, 
calcium and calcium-lysine interacted with bone magnesium. Iron 
levels were affected by iron-calcium and lysine-calcium, and zinc 
levels were affected by lysine, iron-calcium and lysine-iron-calcium.
Liver, zinc, iron and magnesium levels were not affected by 
supplementation at the 0.01 probability level. Liver potassium levels
interacting with iron and lysine-iron-calcium were highly significant; 
liver calcium levels were increased by lysine-calcium.
The spleen, a site of active mineral metabolism, had highly 
significant variations for each mineral. Iron levels were most 
affected by lysine, calcium and lysine-calcium. Zinc, magnesium and 
potassium were interrelated at highest significance with lysine-iron.
Kidney, zinc and iron were unaffected by any supplementation. 
Lysine was extremely influencial on kidney potassium and magnesium, 
while lysine, iron and calcium also exerted a strong effect on kidney 
magnesium. Kidney calcium levels were indicative of combined lysine- 
calcium action.
Muscle potassium, calcium and magnesium interacted with lysine 
alone. Iron levels were greatly influenced by calcium supplenentation, 
but tissue calcium interacted with iron supplementation. Muscle 
magnesium was increased by lysine-iron-calcium.
This study of nutrient-nutrient interactions indicates that 
supplementation may not accomplish an increase of that nutrient in the 
tissues, but may have no effect or adverse effect on tissue levels, 
while having far-reaching effects on levels of other physiological 
substances in the organism.
x
INTRODUCTION
Rice is a major contributor of protein and calories for many 
of the two-thirds of the world's population who live in countries 
with nutritionally inadequate cereal-based diets. Therefore, the 
examination of the various factors affecting the protein nutritive 
value and the relevance of these factors to mineral utilization is 
crucial to an understanding of the problems of improving those diets 
in which rice may sometimes be the sole source of protein.
Since these diets tend to be lew in calcium and iron and because 
lysine, an essential amino acid, is the primary limiting amino acid 
in rice protein, fortification of rice with lysine, calcium and iron 
has been suggested. It is well established in the literature that 
the supplementation of rice protein with lysine and perhaps threonine, 
the second limiting amino acid, will cause increased growth in test 
animals and will increase protein quality as measured by protein 
efficiency ratio.
Numerous studies have been conducted feeding rice at protein 
levels of 5 - 6 %, which is the protein available in the polished rice 
grain. The effect of lysine supplementation to such diets may be 
reflective of the low level of protein when fed to laboratory rats 
as well as of the lysine supplementation. Since the nutritional 
response of proteins varies depending on the protein level of the 
diet, the effect of lysine supplements on rice protein would differ
1
2with the protein levels in the diet.
Hie purpose of this experiment was to determine what effect 
the proposed supplementation and resulting interrelationships of 
nutrients would have upon the utilization of certain minerals, as 
evidenced by levels of these minerals in various tissues of the rat 
body. This broad view would indicate possible areas for more con­
centrated investigation of interrelationships, in this experiment 
a 15% protein level was used to eliminate any effect due to low 
protein intake in order to enphasize lysine as a predominate 
variable in the treatments.
A 15% protein level was achieved in the experimental diets by 
using a combination of protein as obtained from the raw polished 
rice grain and of an amino acid mixture, whose profile duplicated 
the amino acid pattern of the rice grain. The rice diets were 
supplemented with three levels of I>lysine*HCl with calcium, iron or 
calcium and iron added at each level. Two reference diets were used, 
the one containing 15% casein, to provide a standard reference with 
a protein of kncwn high biological value, the other containing 15% 
of the rioe-amino acid mixture. Comparisons of tissue mineral values 
from each treatment were made with tissue mineral values from rats 
on each reference diet. However, probably because of inherent 
differences in the casein and rice protein, in many cases the tissue 
mineral values from the reference diets were significantly different 
from each other at the 0.05 probability level. It is felt by the 
investigator that while the ccnparison with the casein reference is
a matter of interest, the oorparison with the rice reference 
will reveal the true effect of the lysine, calcium and iron 
manipulations since all these treatments will have an identical 
protein base.
REVIEW OF LITERATURE
A considerable amount of literature is available on the 
nutritional aspects of rice. However, a limited amount of 
research has been done on mineral utilization and supplementation 
as related to lysine supplementation of rice. The information 
reported here is in these categories: amino acid fortification 
of cereal grains, lysine-potassium interrelationships, lysine 
and calcium absorption, lysine and iron absorption.
Amino Acid Fortification of Cereal Grains
The amino acid fortification of grain cereals has captured 
much interest throughout the world. Various cereal grain proteins 
when analyzed for their component amino acids reveal amino acid 
patterns which show a deficiency of lysine, an essential amino 
acid, when oonpared to the FAD reference pattern protein or other 
proteins of high biological value of animal origin such as casein 
or ovalbumin. Supplementing these proteins with the amino acids 
which are in short supply or limiting should, theoretically, cause them 
to increase in biological value, thereby causing increased growth 
per gram of protein fed in the young organism and maintaining 
the nitrogen balance of the adult organism in the fashion of a 
protein of natural high biological value. The amino acid fortifi­
cation of cereals, thus, provides an economy of protein use.
4
5Extensive review of the principles of amino acid supplementation 
may be found in the works of Harper (1958, 1959, 1964), Scrimshaw 
and Altschul (1969), and Vfcetlind (1974).
Hie amino acid analysis of polished rice reveals that it, also, 
is deficient in lysine, which is the first limiting amino acid. Rice 
protein is, however, of superior biological value among the cereal 
grains, containing 2.6 grams of essential amino acids per gram of 
total nitrogen (Wretlind, 1974). It is, unfortunately, present 
in the grain in small quantity, about 6% of the total weight of the 
polished rice studied in this experiment. The nutritional adequacy 
of rice protein has been extensively reviewed by Houston and Kohler 
(1970). Experimental nutrition studies dealing with rice protein 
have been reported by Coons (1968) in a comprehensive bibliography.
Numerous papers on the effect of lysine supplements to rice 
diets have already been reported. Most of these studies were con­
ducted at protein levels of 4 - 5 % in the rice diet (Peoora, 1951 
and Rosenborg, 1959) because the diets were prepared from rice meal 
with fat, minerals and vitamin mixture added. Since the nutritional 
response of proteins varies depending an the protein level of the 
diet, the effect of lysine supplements on rice protein would differ 
with varying protein levels in the diet. Harper (1967) indicates 
that the quantity of protein required in amino acid diets for rats 
is large. Experimental diets designed for use with the laboratory 
rat containing only the protein from rice at the 5% level are 
stressful diets and the experiments may yield data that is reflective 
of the low protein level of the diet rather than an effect of the
6amino acid profile of the protein. At this protein level, weight 
gain in the weanling rat will be small and while the animal may be 
in positive nitrogen balance, the proteins of high turnover rate 
may not be maintained (Jansen, 1962).
Tb overcome the problem of low protein levels in rice diets 
designed for laboratory rats, Murata (1973) used an enzymatically 
extracted rice protein concentrate as the basis for a group of 
experimental diets in which the protein was fed at 5, 11 and 15% 
of the diet. His finding was that weight gain was maximal at the 
15% protein level with cnly the addition of lysine to balance the 
amino acid profile of the rice. Other investigators designing 
experimental diets to determine the effectiveness of specific 
amino acid fortification have dealt with the problem of low total 
nitrogen content of cereal grains by using amino acids simulating the 
amino acid profiles of native proteins. Harper (1963) in an explana­
tion of amino acid balance and imbalance in proteins and amino 
acid mixtures states that supplementing a protein with a mixture 
of crystalline amino acids or protein hydrolysate in which the 
proportion of the amino acids of the protein are maintained will 
reflect the balance or imbalance of the original protein. It is 
generally assumed that differences in the utilization of proteins arcl 
amino acid mixtures are negligible particularly when the quantity of 
toted, nitrogen is adequate. Swendseid (1961) and Anderson (1971) 
reported that the nitrogen balances of men were similar whether they 
consumed whole egg or the corresponding amino acids in crystalline
7form. Swendseid (1961) and Clark (1976) reported similar findings 
for casein and for egg albumin respectively. Harrs (1975) found 
no difference in increments in plasma amino acids after ingestion of 
an amino acid mixture of amino acids simulating casein. Anderson 
(1967) found that while there were seme differences in plasma 
amino acids when casein and a mixture of amino acids simulating 
it was fed, the nitrogen retention did not differ in adult men.
Clark (1976) presented a ccnprehensive bibliography on the subject 
of the nitrogen retention of proteins versus their constituent 
amino acids.
The proteins in the studies cited previously were high 
quality proteins containing large amounts of essential or indis­
pensable amino acids. While cereal proteins may be limiting in 
certain essential amino acids, when the rice protein is fed at the 
diet level of 15%, the total nitrogen content is great enough to 
make the technique of protein simulation a reasonable approach in 
achieving a satisfactory level of protein for study in the laboratory 
rat. This 15% level of protein is considered essential for the 
determination of protein quality in tests such as those for protein 
efficiency ratio.
Lysine, a diaminomanocarboxylic acid, contains three function­
al groups: two primary amino groups and one carboxyl group, The
highly basic epsilon-amino group, which is free when lysine is 
bound in protein structure, distinguishes it from most of the other 
amino acids. Lysine is the only amino acid that, once present in the
8tissues, does not exchange its nitrogen by transamination with 
other amino acids circulating in the body fluids. When lysine is 
fed, it can give up its nitrogen to those amino acids present in the 
tissues as the others do, but once it has lost its nitrogen, it cannot 
be reaminated. In the guinea pig liver (Qrten, 1970) lysine is 
converted to alpha-aminoadipic acid by the removal of the epsilcn- 
amino group, then is oxidatively deaminated to alpha-ketoadipic acid, 
which is in turn oxidatively decarbaxylated to glutaric acid. TWo 
possible pathways for the disposition of glutaric acid have been under 
consideration, the one with the final product of acetyl-CoA, the other 
with the end product of glutamic acid. It appears that under dif­
ferent circumstances, lysine may be either glucogenic or ketogenic 
(Qrten, 1970).
The primary function of lysine appears to be incorporation into 
body protein both as lysine generally and as hydroxylysine in collagen, 
consequently the general signs of lysine deficiency will resemble those 
of protein deficiency which inhibits protein synthesis. The main 
synptoms observed in lysine deficient young rats by Harris (1943) 
were growth cessation, muscle wasting, hypoproteinemia, anemia and 
reduced bone calcification. Rose (1954) reported that young men 
deprived of lysine for several days complained of pronounced loss 
of appetite, fatigue and nervousness. In growing infants, withholding 
lysine for a short time brought weight loss (Synderman, 1959). The 
feeding of a diet ccnplete except for lysine brought vomiting and 
food rejection in infants (Bressani, 1961).
9Lysine - Potassium Interrelationship
It was suggested by Eckel, (1958) that basic amino acids, 
particularly lysine, function as cations in muscle, accumulating 
whenever the sum of the metallic cations becomes less than the 
anions. Because K4 is the principal intracellular cation, lysine 
accumulation becomes particularly apparent in potassiun deficiency 
with lysine gain replacing as much as 8 - 40% of the cation deficit 
in the muscle. Not only does lysine serve to replace potassium 
in potassium deficiency, but under certain conditions of excess 
plasma lysine, it competes with potassium causing potassium excretion 
(Dickerman and Walker, 1964). Hie adverse effect of the excess 
plasma lysine appears to be dependent upon the nature of the 
protein and carbohydrate in the diet (Jones, 1964) and upon the 
appetite depressant effect of excess lysine. Eckel (1958) feeding 
a 10% L-lysine-HCl did not produce potassium - lysine transport 
competition in the muscle. Jones (1964) using a casein based 
ration and 6% lysine did report electrolyte shifts due to the 
adverse effects of excess lysine. A certain critical plasma 
lysine concentration apparently must be reached before the re­
absorption of a competing ion by the kidney is not inhibited.
The attainment of this critical level may be inhibited by the 
appetite depressant effect of the excess lysine.
Lysine and Calcium Absorption
Lysine may exert a favorable effect in promoting calcium
10
absorption. Wasserman (1956) reported that both D-lysine and 
L-lysine markedly increased calcium 45 and stnontiun 89 absorption 
in the normal rat. L-lysine was also shown to promote the absorption 
of a single dose of calciun 45 by vitamin D - deficient rats 
(Wasserman, 1957). McClure (1952) showed that the addition of 
lysine to either the diet or the drinking water of rats greatly 
reduced the incidence of dental caries. Wasserman (1960) found 
that while lysine increased the absorption of a single dose of 
calcium 45 in fasted rats, supplementation of a basal diet contain­
ing sufficient lysine to meet the needs of the rat for this essential 
amino acid with three different levels of lysine did not significantly 
increase the net retention of stable calciun or calcium 45 during 
a 14-day balance period. It was postulated that the presence of 
glutamic or aspartic acid and the presence of casein and starch 
largely suppressed the action of lysine.
Lysine and Iron Absorption
Lysine is said not only to increase the absorption of calciun 
in seme circumstances but to increase that of iron also. It was shown 
by Kroe, (1963) and van Canpen, (1969) that histidine and lysine 
increased the absorption of 5%e in ligated sections of rat intestine. 
Lysine subsequently was found to be very effective in enhancing iron 
uptake by forming low molecular weight chelates. It appears that 
lysine forms a tridentate chelate with iron bonding simultaneously 
with all three ionizing groups forming complexes that are sufficiently 
stable to keep the iron in solution (Charley, 1963; Hellock, 1967).
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Removal of the epsilon-amino group of lysine causes the loss of its
ability to enhance iron absorption (van Canpen, 1973). Active
transport does not seem to be of quantitative significance since
the D~lysine is almost as effective as iron absorption enhancer as
the L-lysine in the uptake of 5?Pe in the rat intestine (van Canpen, 1973).
MATERIALS AND METHODS
These investigations were concerned with the effect of the 
lysine supplementation of rioe upon mineral utilization in the rat.
The experimental design involved the choice of a suitable rioe grain, 
the formulation of the simulated rice amino-acid mixture, the design 
of test diets and the selection of appropriate analytical tests and 
instrumentation.
The milled rice (Qryza sativa L.) used in this experiment 
was the Bluebonnet variety of long grain rioe obtained from the Rice 
Experiment Station at Crowley, Louisiana. Protein determination by 
the routine Kjeldahl Gunning-Amole method (AQAC, 1965) revealed a 
protein content of approximately 5.94%. The amino acid profile of 
the rice protein was determined by standard operating procedures for the 
Beckman Model 116 Amino Acid Analyzer. This profile was duplicated 
by a mixture of free L-amino acids (Table 1) prepared by the United 
States Biochemical Company.
The rice diet formulations (Table 2) included a combination of 
whole protein from rice and an appropriate amount of the amino acid 
mixture which allowed a 15% protein ration to be fed. The minerals 
were supplied by Jones and Poster Salt Mixture 12 (Table 3); the 
vitamins were supplied by Vitamin Diet Fortification Mixture, ICN 
(Tabi^ i 4). The experimental diets were designed to have four levels 
of L-lysine. Level one had no additional lysine, level two had 1%
L-lysine, level three had 3% L-lysine and level four had 5% L-lysine
12
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added. Each lysine level was divided into four groups which were
]
supplemented with additional calcium (CaCC^), iron (FeSC^.T^O) or 
both calcium and iron. The Jones and Foster Salt Mixture 12 which was 
used also contained iron and calcium in these forms. The mineral 
composition of the treatments is given in Table 5 from which it 
can be seen that the iron and calcium supplementation approximately 
doubled the amounts of those elements in the ration.
The sixteen variations of the rice diet with different L-lysine 
and mineral levels are shown in Table 2. Another reference diet 
(Table 2) based upon 15% casein, which is known to be of high 
biological value, was used to give additional reference comparisons.
Ninety-six young male Sprague-Dawley rats were used in this 
experiment. Upon arrival, they were maintained on Purina Laboratory 
Chow given ad libitum for an eight day adjustment period. They were 
then divided by weight into seventeen treatment groups of four to 
six rats each (Table 6). The casein reference group had four rats, 
the 0% lysine level had four groups of five rats each, and all other 
groups contained six rats.
With the exception of the fifth rat in each group of five rats, 
the animals were housed in pairs in suspended wire screen cages.
The cage room was maintained at the temperature of 72° F. with the lights 
regulated to an alternating cycle of twelve hours of light and twelve 
hours of darkness synchronized with natural daylight.
The rats were fed the experimental diets for twenty-one days 
during which they were allowed water ad libitum and up to a maximum
14
of twenty grams of ration a day. Weights were taken every three 
days including the first and last days, while food intake was 
recorded daily. The animals were sacrificed by ether anesthesia chi 
the twenty-second day and dissected for the following sanples: liver, 
spleen, right kidney, right longissimus dorsi muscle and right fentur. 
These samples were weighed immediately, then stored at -10°F. in 
glass vials until they were analyzed.
Determinations for iron, zinc, calcium and magnesium were done 
for all samples with the Perkin-Elmer Model 503 Atomic Absorption 
Spectrophotometer; determinations for potassium were done with the 
Perkin-Elmer Model 303 Atomic Absorption Spectrophotometer. The 
sanple preparation, which was the same for both instruments, and 
the analyses were done according to standard operating procedures 
reocrtmended by Perkin-Elmer. Readings of mineral content were taken 
on appropriate sample dilutions at the sensitivity of parts per 
million.
The statistical design of this experiment was a 4 x 2 x 2 
factorial arrangement of treatments (4 levels of lysine, 2 levels 
of calcium and 2 levels of iron) in a randomized block design with 
5 replicates for the 0% lysine treatments and 6 replicates for all 
other lysine levels. The data for each variable were subjected 
to analysis of variance for a mixed model in which grouping of 
treatments was regarded as a fixed effect and calcium level and 
iron level were regarded as random effects.
A ccnparison of the mean values of mineral content for each 
mineral in each tissue was achieved by application of Duncan's multiple
range test. Significant differences as determined by this 
test are reported in tabular form for each of the twenty-five 
tissue-mineral combinations.
The statistical analysis was accomplished by means of 
computer-aided analysis of variance under the supervision of 
the Department of Experimental Statistics, Louisiana State 
University.
16
TABIE 1
EXPERIMENTAL AMINO ACID MIXTURE
AMINO ACID GRAMS/KILOGRAM
L-lysine 30.39
L-histidxne 21.58
L-arginine 90.42
L-aspartic acid 115.63
L-threonine 38.32
L-serine 52.76
L-glutamic acid 186.55
L-proline 50.25
L-glycine 38.11
L-alanine 64.71
L-valine 60.34
L-methicnine 20.00
L-isoleucine 40.34
L-leucine 89.41
L-tryrosine 37.31
L-phenylalanine 48.24
L-tryptophan 16.64
1000.00
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TABLE 2
COMPOSITION OF DIETS
All rice diets contain the following components in constant amounts:
Grams/100 gm.
Amino acid mixture 10.8
Rice 69.5
Vitamin mixture 2.2
Jones & Foster Salt 4.0
Mazola com oil 5.0
VARIABLE COMPONENTS IN PUTTS 
Grams per 100 grams diet
Diet
No.
Lysine Cornstarch Alphacel II • CaCOg
000 0 5.0 3.50 0 0
010 0 5.0 3.45 0.05 0
001 0 5.0 2.07 0 1.43
011 0 5.0 2.02 0.05 1.43
100 1.0 4.0 3.50 0 0
110 1.0 4.0 3.45 0.05 0
101 1.0 4.0 2.07 0 1.43
111 1.0 4.0 2.02 0.05 1.43
200 3.0 2.0 3.50 0 0
210 3.0 2.0 3.45 0.05 0
201 3.0 2.0 2.07 0 1.43
211 3.0 2.0 2.02 0.05 1.43
300 5.0 0 3.50 0 0
310 5.0 0 3.45 0.05 0
301 5.0 0 2.07 0 1.43
311 5.0 0 2.02 0.05 1.43
Diet 400, the casein control contains:
Grams
Casein 15.0
Cornstarch 70.3
Vitamin mix 2.2
Jones & Foster salt 4.0
Alphacel 3.5
Mazola com oil 5.0
106.6
TABLE 3 i
JONES AND FOSTER SALT MIXTURE 12
SALT ICIE GRAMS
NaCl 5 292.5
kh2po4 6 816.6
m?so4 1 120.3
CaC03 8 800.8
FeS04•7^0 0.2 56.6
KI 0.01 1.66
MnS04•2H20 0.05 9.35
ZnCl2 0.004 0.5452
CuS04*5H20 0.004 0.9988
CoC12*6H20 0.0002 0.0476
EIEMENT AMOUNT OF EIEMENT 
IN 4 04 SALT MIXTURE
Na 0.206
Cl 0.319
K 0.421
P 0.334
Mg 0.043
Ca 0.576
Fe 0.020
I 0.00228
Ml 0.00494
Zn 0.00047
Cu 0.00046
Co 0.00002
TABUS 4
VITAMIN DIET PORTIFICATICN MIXTURE
COMPOSITION gm/100 lbs.
Vitamin A Concentrate (200,000 units per gm) 4.5
Vitamin D Concentrate (400,000 units per gm) 0.25
Alpha Tocopherol 5.0
Ascorbic Acid 45.0
Inositol 5.0
Choline Chloride 75.0
Menadione 2.25
p -Aminobenzoic Acid 5.0
Niacin 4.5
Riboflavin 1.0
Pyridaxine Hydrochloride 1.0
Thiamine Hydrochloride 1.0
Calcium Pantothenate 3.0 
mgs/100 lbs.
Biotin 
Folic Acid 
Vitamin B-12
20
90
1.35
TABUS 5
MINERAL COMPOSITION OF DIETS 
Mineral components present in diets in constant amounts
Mineral Rice diets % Casein %
Mg 0.0618 0.0596
Zn 0.0103 0.0005
Na 0.2210 0.2225
K 0.4801 0.4249
Mineral components present in diets in varying amounts
Treat­
ment
Lysine
%
Ca
%
Fe
%
000 0 0.5864 0.02057
010 0 0.5864 0.03091
001 0 1.1712 0.02057
Oil 0 1.1712 0.03091
100 1.0 0.5864 0.02057
110 1.0 0.5864 0.03091
101 1.0 1.1712 0.02057
111 1.0 1.1712 0.03091
200 3.0 0.5864 0.02057
210 3.0 0.5864 0.03091
201 3.0 1.1712 0.02057
211 3.0 1.1712 0.03091
300 5.0 0.5864 0.02057
310 5.0 0.5864 0.03091
301 5.0 1.1712 0.02057
311 5.0 1.1712 0.03091
400 casein 1.0074 0.02013
TABLE 6
CLASSIFICATION OF RATS BY TREATMENT
RAT
NO.
TREATMENT
NO.
VARIABLES
ADDED
RAT
NO.
treatment
NO.
VARIABLES
ADDED
1 000 none 36 101 l%Lys+Ca
2 000 none 37 101 l%Lys+Ca
3 000 none 38 101 l%Lys+Ca
4 000 none 39 111 ISLys+Pe+Ca
5 000 none 40 111 l%Lys+Fe+Ca
6 010 Fe 41 111 l%Lys+Fe+Ca
7 010 Pe 42 111 l%Lys+Fe+Ca
8 010 Pe 43 111 l%Lys+Fe+Ca
9 010 Pe 44 111 l%Lys+Pe+Ca
10 010 Pe 45 200 3%Lys.
11 001 Ca 46 200 3%Lys.
12 001 Ca 47 200 3%Lys.
13 001 Ca 48 200 3%Lys.
14 001 Ca 49 200 3%Lys.
15 001 Ca 50 200 3%Lys.
16 Oil Pe+Ca 51 210 3%Lys+Pe
17 Oil Pe+Ca 52 210 3%Lye+Pe
18 Oil Fe+Ca 53 210 3%Lys+Pe
19 Oil Pe+Ca 54 210 3*Lys+Pe
20 Oil Pe+Ca 55 210 3%Lys+Pe
21 100 l%Lys. 56 210 3%Lys+Pe
22 100 l%Lys. 57 201 3%Lys4Ca
23 100 l%Lys. 58 201 3%Lys+Ca
24 100 l%Lys. 59 201 3%Lye+Ca
25 100 l%Lys. 60 201 3%Lys+Ca
26 100 l%Lys. 61 201 3%Lys+Ca
27 110 l%Lys+Pe 62 201 3%Lys+Ca
28 110 l%Lys+Pe 63 211 3%Lys+Fe+Ca
29 110 l%Lys+Fe 64 211 3%Lys+Pe+Ca
30 110 l%Lys+Fe 65 211 3%Lys+Fe+Ca
31 110 l%Lys+Pe 66 211 3%Lys+Pe+Ca
32 110 l%Lys+Pe 67 211 3%Lys+Fe+Ca
33 101 l%Lys+Ca 68 211 3%Lys+Fe+Ca
34 101 l%Lys+Ca 69 300 5%Lys.
35 101 l%Lys+Ca 70 300 5%Lys.
BAT
NO.
71
72
73
74
75
76
77
78
79
80
81
82
83
84
85
86
87
88
89
90
91
92
93
94
95
96
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TREATMENT VARIABIES
NO. ADDED
300 5%Lys.
300 5%Lys.
300 5%Lys.
300 5%Lys.
310 5%Lys+Fe
310 5%LyafFe
310 5%Lys+Fe
310 5%Lys+Fe
310 5%Lys+Pe
310 5%LyetFe
301 5%Lys+Ca
301 5%Lys+Ca
301 5%Lys+Ca
301 5%Lys+Ca
301 5%Lys+Ca
301 5%LyetCa
311 5%Lys*Pe+Ca
311 5%Lys+Fe+Ca
311 5%Lys+Pe+Ca
311 5%Lys+Pe+Ca
311 5%Lys+Fe+Ca
311 5%Lys+Fe+Ca
400 Casein ccntrol
400 Casein cxxitrol
400 Casein ccntrol
400 Casein ccntrol
RESULTS AND DISCUSSION
The effect of the lysine supplementation of rice upon 
mineral utilization in the rat has been determined with the 
following indicators in mind: differences in amount of weight 
gained and levels of tissue iron, tissue calcium, tissue potas­
sium, tissue magnesium and tissue zinc.
Interrelationships of the level of each mineral in the 
tissue to lysine, iron, and calcium supplementation are discussed 
with tables of significant differences of mean values and com­
parisons of significant change compared to the rice and casein 
references for each mineral.
Weight gain
The mean weight gains of the various experimental groups were 
reported in Table 7. As expected, the addition of L-lysine to the 
rice diet caused an increase in weight gain conpared to that achieved 
on the unsupplemented rice diet (Murata, 1973). This difference was 
statistically significant at the 0.001 probability level. There 
was no statistical difference in weight gain between any of the 
lysine supplemented groups indicating that the 1% level of lysine 
supplementation provided all necessary lysine and that 5% lysine was 
not a toxic level when fed with a rice diet with 15% protein. It 
has been reported (Jones, 1966) that the rat is more susceptible to
23
24
an excess of L-lysine when the protein is furnished by casein;
6% L-lysine severely inhibited growth of rats fed hydrolyzed casein 
while 1% retarded growth of animals fed an 18% spy protein ration. 
According to Jansen (1962) the literature supports the conclusion that 
the adverse effects of excess lysine depend in part on the nature of 
the dietary protein and carbohydrate. The balance or imbalance of 
amino acids created with each protein would be quite individual 
because of the distinctive amino acid profile of each protein.
There was no difference between food intake values for any of 
the treatment groups. The feeding of free amino acids sometimes acts 
as a depressant to appetite resulting in reduction of nutrient 
consumption. Contrary to that, in this case, the composition of 
the rice diet (both lysine supplemented and unsupplemented) acted 
to stimulate appetite remarkably. While the food intake was limited 
daily to an amount estimated to satisfy the animals' appetite, yet 
allow a uniformity of food consumption, this amount was more than 
expected. The animals in the supplemented rice groups licked their 
food cups clean, suggesting that even more food would have been eaten.
A subjective appraisal of the condition of the rats revealed 
well-formed, plump, mature, fastidiously groaned male rats with 
full, clean, glossy, rather soft ooats. All of the animals re­
mained outwardly healthy throughout the experiment. They were of 
docile temperament, lively and alert but easily handled during daylight 
hours. Little fighting was observed between the pairs caged together.
tr 
tr 
tr 
tr
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TABLE 7
MEAN VALUES FOR WEIGHT GAIN FOR 
RATS FED ALL DIETARY VARIATIONS
GROUPING * MEAN - GRAMS TREATMENT
a 143.8 3% lysine
a 139.8 3% lysine + Fe + Ca
a 139.7 3% lysine + Fe
a 139.0 1% lysine
a 137.6 3% lysine + Ca
a 136.2 1% lysine + Fe
a 134.5 5% lysine + Fe + Ca
a 134.5 5% lysine
a 133.8 casein reference
a 133.2 1% lysine + Ca
a 131.1 5% lysine
a 128.2 5% lysine + Fe
a 128.2 1% lysine + Fe + Ca
112.6 0% lysine + Fe
104.6 rice reference
98.4 0% lysine + Fe + Ca
93.2 0% lysine + Ca
*means which do not share matching letters are significantly different
(Duncan's multiple range test, P < 0.05)
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Tissue Iron
Tissue iron content was determined for all five tissues, 
liver, kidney, bone, spleen and muscle, whose mean values are 
listed in Tables 8 to 1IA. Significant differences were computed 
by Duncan's Multiple Range Test at a probability of 0.05. These 
differences are summarized in Tables 12 and 13.
When the results of the analyses for kidney iron were examined, 
it was found that there were no differences between any of the 
treatments when they were compared to either reference. While the 
kidneys are organs for the excretion of excess iron, kidney tissue, 
whose iron content is hcmeostatically controlled is not considered 
a flag tissue for the study of iron metabolism. Marked differences 
in iron content were not expected.
Similar to kidney iron, the bene iron was not found to vary 
from either reference at the 0, 1 and 3% lysine levels. Significant 
difference was found only at the 5% lysine level with both iron and 
calcium added. This treatment contained more iron than the rice 
reference by a factor of 1.6 and more than the casein reference by 
a factor of 1.8. The bone is active in iron metabolism, particularly 
hemoglobin synthesis in the marrow, and may reflect metabolic 
activity variations. The marrow may receive more iron than is 
needed for immediate synthesis, the excess becoming a labile iron 
pool available for return to the plasma. The increase in bone 
iron at this elevated lysine level may indicate an increased iron 
absorption or possibly a failure in mobilization of iron from the bone
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under an influence of calciun. However, the other treatments with 
added calcium seem to appear randomly in the ranking of means and 
the 5% lysine with iron only is not significantly different from 
either reference, but smaller than 5% lysine + Fe + Ca by a factor 
of 1.7. Ibis same treatment, 5% lysine + Fe + Ca also caused a 
significant increase in spleen zinc ocnpared to both references, an 
increase in spleen iron and bone zinc ocnpared to the rice reference 
and a decrease in muscle zinc and muscle potassium when oonpared to 
the casein reference.
In the liver, again, only one lysine level, the 1% lysine level, 
exhibited a difference in iron content. At this level with the addition 
of iron, there was an increase above both reference values by a factor 
of 1.5, which may reflect increased iron absorption. The liver, which 
is considered a flag organ for iron metabolism study, while having 
this somewhat elevated value for one treatment, could not be said 
to be the condition of iron overload. A safe assunptian is that 
iron overload is not a factor in this experiment.
In the spleen, the rice reference which had the upper mean 
extreme iron value and the 0% lysine + Fe, which was the second largest 
mean value, had significantly more iron than all the other treatments 
including the casein reference by factors ranging from 1.3 to 1.9 
according to the treatment. In contrast to the top values, the 1% 
lysine + Fe was the second lowest mean extreme. The casein reference 
value was significantly larger than only one value, the 5% lysine +
Ca, the smallest mean extreme. The spleen is an organ of active
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metabolism with rapid turnover of nutrients so that high and 
low values may indicate either increased metabolic activity or 
conversely, metabolic blockages.
In the muscle, the casein reference value had the largest 
value for iron and was significantly larger than all other treatment 
values, containing 14% more iron than the 5% lysine + Fe treatment, which 
had the next greatest value. The rice reference, which had a mid­
range iron value, had 23% less than the casein reference. While 
all treatments shewed a significant decrease compared to the casein 
reference, only two treatment values were different from the rice 
reference. These were the 5% lysine + Fe, which was largest by a factor 
of 1.2 and the 1% lysine + Fe + Ca, which was smaller by a factor of 
1.2. It can be seen that the variation within the muscle is consider­
ably less than that in some other tissues. This is in line with 
expectation because acute changes in the iron status of the organism 
will cause very little change in the relatively nonmiscible iron 
pool in the muscles. Muscles are, as the kidney, under homeostatic 
control of iron to provide for constancy of function.
It is interesting to note that the treatment with 5% lysine + Fe, 
which increased muscle iron, at the same time increased muscle 
magnesium, but did not affect the values of muscle zinc, potassium 
and calcium which were mid-range values.
A recapitulation of effects of the various treatments by 
lysine level showed that when no extra lysine was added to the basal 
diet, the treatment variations had no effect upon iron in the liver,
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bone and kidney, but that the rice reference had less iron than 
the casein reference in both the spleen and muscle. All treatment 
variations caused no effect in the muscle compared to the rice 
reference, but caused a decrease in every case compared to the casein 
reference. Calcium and calcium plus iron caused a decrease in 
spleen iron, while the addition of iron caused an increase compared 
to the rice reference.
Hie 1% lysine level caused no effect in the bone and kidney, 
but all treatments effected a decrease in spleen iron compared to the 
rice reference and a decrease in all muscle iron oorpared to the 
casein reference. Adding iron increased liver iron compared to 
both references, but adding iron and calcium decreased the iron in 
the muscle.
There were no significant changes in the liver, bone and 
kidney iron compared to either reference at the 3% lysine level. 
However, the iron values for every spleen value decreased ocrpared 
to the rice reference and every muscle value was smaller compared 
to the casein reference. The 5% lysine level, like the 3% level, 
caused no changes in the liver and kidney iron. Iron values in 
the spleen were decreased compared to both references with the 
addition of 5% lysine and 5% lysine + Ca. Spleen iron was lowered 
in comparison with the rice reference by adding iron and iron and 
calcium together. Muscle iron values were less in all instances 
ccmnpared to the casein reference. Muscle iron was significantly 
greater than the rice reference when iron only was added. The
only effect seen in the bone, the increase compared to both 
references, appeared with the addition of both iron and calcivm.
TARTF. 8 TABLE 9
MEAN VALUES OF SPLEEN IRON 
OF RATS FED ALL DIETARY 
VARIATIONS
GROUPING* MEAN— ppm TREATMENT
a 405.3 rice reference
a 369.8 0%lysinefFe
b 306.1 0%lysine+-Fe+Ca
b 293.9 5%lysine
b 293.4 3%lysine
b 288.5 3%lysine*Fe
b 285.6 3%lysine+Pe+Ca
b 283.7 l%lysine+Ca
b 283.3 l%lysine*Fe*Ca
b 282.8 casein reference
b 279.3 0%lysine+Ca
b 269.9 5%lysine+Fe
b 268.3 5%lysine+Fe+Ca
c b 261.4 3%lysine4Ca
c b 260.9 l%lysine
c b 256.3 l%lysine+*Fe
c 208.7 5%lysine4Ca
MEAN VALUES OF MJSCIE IRON 
OF RATS FED ALL DIETARY 
VARIATIONS
GROUPING* MEAN— ppn TREATMENT
a 160.8 casein reference
b 137.1 5%lysine+Fe
c b 130.1 5%lysine
c b d 128.1 3%lysine+Fe
c e b d 121.9 0%lysine+Pe+Ca
f c e b d 121.3 3%lysine+PetCa
f c e b d 120.6 l%lysine+Pe
f e e a 117.5 3%lysinetCa
f e e d 116.6 5%lysine+Fe+Ca
f e e d 113.5 rice reference
f e e d 113.5 3%lysine
f eg d 110.6 0%lysinefCa
f e g d 110.4 l%lysine
f e g 108.3 5%lysine+Oa
f e g 104.7 0%lysinefFe
f g 101.9 l%lysine+Ca
g 93.9 l%lysine+-Fe+Ca
*means which do not share matching letters are significantly different
(Duncan's multiple range test, P <0.05)
TABLE 10 TABLE 11
MEAN VALUES OF LIVER IRON 
QF PATS FED ALL DIETARY 
VARIATIONS
GROUPING* MEAN— ppm TREATMENT
a 240.0 l%lysine+Fe
b 191.7 l%lysine+Fe+Ca
b 186.9 3%lysinetFe
b 183.5 5%lysinetFe+Ca
b 176.8 3%lysine+Fe+Ca
b 173.6 3%lysinefFe+Ca
b 169.4 l%lysine*FetCa
b 167.0 5%lysine
b 165.1 3%lysinefCa
b 161.9 rice reference
b 160.3 casein reference
b 158.4 0%lysine+Fe
b 156.5 5%lysine+Fe
b 155.0 5%lysine+Ca
b 153.2 0%lysinetCa
b 148.2 l%lysine*Ca
b 137.7 0%lysine*EetCa
MEAN VALUES OF BCNE IRON 
OF PATS FED ALL DIETARY 
VARIATIONS
GROUPING* M2AN— ppn TREA3M27T
a 124.4 5%lysine+Fe+Ca
b 93.6 0%lysinefFetCa
b 83.9 l%lysine
b 80.8 0%lysinetCa
b 80.3 rice reference
b 78.2 3%lysinet€a
b 75.7 l%lysine+Fe
b 74.8 3%lysine
b 74.6 5%lysinet€a
b 72.8 5%lysine
b 71.8 5%lysinetFe
b 71.6 3%lysine+Fe+Ca
b 71.0 0%lysinefFe
b 69.4 l%lysine+Fe+Ca
b 69.0 3%lysinefPe
b 68.8 l%lysinefCa
£> 66.5 casein reference
*means which do not store natching letters are significantly different
(Duncan's multiple range test, P <0.05)
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TABLE 11A
MEAN VALUES OF KIDNEY IRON FOR 
RATS FED ALL DIETARY VARIATIONS
DUPING MEAN - ppm TREA3MENT
a 158.1 casein reference
a 137.1 5% lysine + Fe
a 130.2 5% lysine
a 128.2 3% lysine + Fe
a 122.0 0% lysine + Fe +
a 121.3 3% lysine + Fe +
a 120.6 1% lysine + Fe
a 117.5 3% lysine + Ca
a 116.6 5% lysine + Fe +
a 113.6 rice reference
a 113.5 3% lysine
a 110.7 0% lysine + Ca
a 110.5 1% lysine
a 108.3 5% lysine + Ca
a 104.8 0% lysine + Fe
a 102.0 1% lysine + Ca
a 101.2 1% lysine + Fe +
Ca
Ca
Ca
Ca
* means which do not share matching letters are significantly 
different
(Duncan's multiple range test, P <0.05)
TABLE 12
COMPARISON OF TISSUE IRON CONTENT OF RATS
FED THE RICE REFERENCE DIET WITH SIMILAR
TISSUE OF ALL OTTER TREATMENT GROUPS
Liver Bone Kidney Spleen Muscle
0%Lysine+Ca NS NS NS SD NS
0%LysinefPe NS NS NS NS NS
0%Lysine+Fe+Ca NS NS NS SD NS
l%Lysine NS NS NS SD NS
l%Lysine+Ca NS NS NS SD NS
l%Lysine+Fe SI NS NS SD NS
l%Lysine+Fe+Ca NS NS NS SD SD
3%Lysine NS NS NS SD NS
3%Lysine4Ca NS NS NS SD NS
3%Lysine+Fe NS NS NS SD NS
3%Lysine+Fe+Ca NS NS NS SD NS
5%Lysine NS NS NS SD NS
5%Lysine4Ca NS NS NS SD NS
5%Lysine+Fe NS NS NS SD SI
5%Lysine+Fe4Ca NS SI NS SD NS
Casein Control NS NS NS SD SI
Significance was determined by Duncan's multiple range test, 
P <0.05
NS = not significant 
SD = significant decrease 
SI = significant increase
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TABUS 13
COMPARISON OF TISSUE IRON CONTENT OF RATS
FED THE CASEIN REFERENCE DIET WITH SIMILAR
TISSUE OF ALL OTHER TREATMENT GROUPS
Liver Bene Kidney Spleen 3ftiscle
0%lysine NS NS NS SI SD
0%lysine+Ca NS NS NS NS SD
0%lysine+Fe NS NS NS SI SD
0%lysine+Ca+Pe NS NS NS NS SD
l%lysine NS NS NS NS SD
l%lysine+Ca NS NS NS NS SD
l%lysine+Pe SI NS NS NS SD
1% lysine4Ca+Fe NS NS NS NS SD
3%lysine NS NS NS NS SD
3%lysine+Ca NS NS NS NS SD
3%lysinetFe NS NS NS NS SD
3%lysine+Ca+Fe NS NS NS NS SD
5%lysine NS NS NS SD SD
5%lysinetCa NS NS NS NS SD
5%lysinetFe NS NS NS NS SD
5%lysinetCa+Fe NS SI NS NS SD
Significance was determined by Duncan's multiple range test, 
P <0.05
NS = not significant 
SD = significant decrease 
SI = significant increase
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Tissue Calcium
Hie effect of the addition of calcium supplement as well as 
lysine upon tissue calcium levels was of particular interest in this 
experiment. In all of the tissues analyzed, the mean values showed 
no significant effect an tissue calcium by the addition of lysine 
alone at any level. However, the addition of Fe and Ca in oonbination 
with lysine did cause many changes.
It was found that adding calcium actually lowered tissue calcium 
levels in many instances. In the liver, the rice reference mean fell 
mid-range and was not different from the casein value. Adding lysine 
alone at any level made no significant change compared to the rice 
reference. When Ca was added to the 0% lysine level, the calcium 
value in the liver, fell to the lowest value which was significantly 
less than the rice reference. While not different from the rice 
reference, the 3% lysine + Ca treatment contained almost twice as 
much calcium as the 0% lysine + Ca and was significantly greater 
than the 1% lysine + Ca and 5% lysine + Ca. The last two values were 
smaller than the rice reference but not significantly different.
Wo difference was found compared to the rice reference and the 
other lysine levels with Fe added or with Fe and Ca added. However, 
there were great differences among the treatments with the 1% lysine + 
Fe + Ca being the largest mean at 213 ppm and the 0% lysine + Pe + Ca, 
the smallest mean at 135 ppm. It can be seen from a stud/ of the 
data that response to mineral supplementation varies widely according 
to interaction with lysine at the various levels.
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As noted previously, in the spleen the addition of any level 
of lysine alone made no difference in the calcium content. While 
adding calcium to the 0% lysine level treatments gave the lowest value 
in the liver, this same treatment gave the highest value in the spleen. 
This was significantly larger than both the rice and casein references 
and all other treatments except 5% lysine + Fe.
Iran alone or iron plus calcium caused no statistical differences 
compared to either reference in the spleen.
When the femur of each animal was analyzed, no differences were 
found in calcium content. Because the rats receiving the 0% lysine 
treatments had a significantly smaller weight gain than all other 
treatments, a ocnparisan of femur weight to total body weight was made. 
There were no differences in the ratio among the treatment groups 
suggesting that the basal diet was adequate in calcium for proportional 
bone growth and that the supplemental calcium made no difference in 
bone calcification.
The kidney is the major site of calcium excretion and it was 
expected to display differences according to treatment. Kidney calcium 
values were spread over an enormous range from 108 ppm for the casein 
reference, 152 ppm for the rice reference, to 265 ppm for the 0% lysine + 
Fe + Ca. As in the liver and kidney, the 1, 3 and 5% lysine values 
were clustered near that of the rice reference with no statistical 
differences caused by lysine alone. Likewise, 0, 1 and 3% lysine +
Fe were similar to the rice reference and the casein reference in 
value, but the 5% lysine + Fe is quite large, 243 ppm or 1.5 times
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the rice reference.
Calcium added to the 1 and 3% lysine levels gave values 
flanking the rice reference. However, adding it to the 0 and 5% 
lysine levels gave elevated values of 220 ppm and 241 ppm respective­
ly.
Because of the wide range of kidney calciim mean values, 
statistical analysis showed no differences fran the references. 
However, 0% lysine 4 Fe and 1% lysine + Fe contained less than half 
the calcium of 5% lysine + Fe. This difference was significant.
Also adding Fe + Ca gave 253 ppm at 0% lysine and 256 at 3% lysine 
ccnpared to 157 ppm for the rice reference and 108 ppm for the casein 
control. The 0% lysine 4 Fe 4 Ca was the greatest mean value for 
kidney calcium, while the casein control was the lowest.
The same two treatments just mentioned occupied the same 
positions in the ranking of means for muscle calcium. As in the 
case of the other tissues, variation of the lysine caused no 
statistical differences ccnpared to either reference. When Fe 
was added to the rice and casein references, the 1, 3 and 5% lysine 
levels were not different, but the 0% lysine 4 Fe level was much 
elevated at 309 ppm and was significantly larger than all of them.
The combination of iron and calciim gave a wide spread of values with 
the 0% lysine level the largest mean value and the 3% lysine level 
the second smallest.
TABLE 14 table 15
MEAN VALUES OF LIVER CALCIUM MEAN VALUE OF SPLEEN CALCIUM
FOR RATS FED ALL DIETARY FOR RATS FED ALL DIETARY
VARIATIONS VARIATIONS
GRCJUFING* NEAN-ppm TREATMENT GROUPING* MEIAN— ppm TREATMENT
a 213.8 1%lysinef FefCa a 210.4 0%lysinetCa
a 212.8 3%lysine+Ca b a 167.4 5%lysinefFe
a 208.5 0%lysinef Fe b c 146.9 3%lysinetCa
b a 202.9 5%lysinefPe+Ca b c 140.7 l%lysine
b a c 192.5 l%lysinetFe b c 140.0 rice reference
b a c 190.1 5%lysine b c 136.8 0%lysinefFe
b a c 189.6 rice reference b c 126.7 3%lysinetFe
b a c 175.6 3 % lysinef Fe+€a b c 125.7 l%lysinetFefCa
b d a c 173.9 3%lysinetFe b c 125.2 l%lysinefCa
b a c 149.5 5%lysinefFe b c 124.8 casein reference
b d d 149.1 l%lysine b c 116.8 3%lysinefFe+Ca
b d c 147.0 l%lysine+Ca b c 112.6 5%lysinefFefCa
b d c 146.7 5%lysinefCa b c 108.8 3%lysine
b d c 144.9 3%lysine b c 104.7 0%lysine+Fe+Ca
b d c 137.5 rawin reference b c 101.4 5%lysine
d c 135.1 0%lysine+Fe+Ca c 95.6 5%lysinefCa
d 117.7 0%lysinetFe c 88.3 l%lysinefFe
*means which do not share matching letters are significantly different 
(Duncan's multiple range test, P <0.05)
TABIE 16
MEAN VALUES OF KIDNEY CALCIUM 
FOR RATS FED ALL DJITAKY 
VARIATIONS
GROUPING* MEAN— ppm TREATMENT
a 265.3 0%lysine+EefCa
b a 256.8 3%lysine+Fe+Ca
b a 243.0 5%lysinetFe
b a 241.8 5%lysinefCa
b a c 220.3 0%lysinefCa
b a c 201.8 l%lysinefPe+Ca
b a c 196.9 3%lysine
b a c 174.9 5%lysine
b a c 170.6 l%lysine
b a c 166.3 5%lysine+FefCa
b a c 159.7 3%lysinefFe
b a c 153.3 l%lysinefCa
b a c 152.7 rice reference
b c 141.8 3%lysine+Ca
c 121.0 l%lysine+Fte
c 115.4 0%lysine+Fe
c 108.4 casein reference
TABLE 17
MEAN VALUE OF JVU9CIE CALCIUM 
FOR RATS FED ALL DIETARY 
VARIATIONS
GROUPING* MEAN— ppm TREATMENT
a 309.9 0%lysinetFe+Ca
b a 273.2 0%lysine+Fe
b a c 256.4 5%lysine*Ca
b d a c 235.6 5%lysinefPe+Ca
b d e c 213.7 3%lysine*Ca
f b d e c 210.7 0%lysinefCa
f b d e c 204.7 3%lysine __
f b d e c 191.9 l%lysine
f b d e c 183.9 l%lysine+Ete+Ca
f d e c 172.0 l%lysine+Fe
f d e c 169.8 5%lysine+Fe
f d e c 166.5 rice reference
f d e 163.7 l%lysine+Ca
f d e 156.0 3%lysine+Fe
f e 125.7 5%lysine
f 118.6 3%lysinefFe+Ca
f 107.2 casein reference
*means which do not share matching letters are significantly different. 
(Duncan's multiple range test, P <0.05)
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TABLE 18
MEAN VALUES OF BONE CALCIUM FOR 
PATS FED ALL DIEEAR* VARIATIONS
GROUPING* MEAN - ppm TREATMENT
a 108t147.8 rice reference
a 106,325.3 5% lysine
a 104,708.0 5% lysine + Fe + Ca
a 103,833.1 5% lysine + Ca
a 103,602.4 1% lysine
a 101,720.6 3% lysine + Ca
a 100,239.8 casein reference
a 100,232.0 5% lysine + Fe
a 98,887.9 3% lysine + Fe
a 98,272.8 3% lysine
a 98,020.1 1% lysine + Fe
a 96,559.9 3% lysine + Fe + Ca
a 96,272.1 1% lysine + Fe + Ca
a 95,391.1 3% lysine + Fe
a 95,020.1 0% lysine + Fe + Ca
a 93,581.8 1% lysine + Ca
a 90,442.9 0% lysine + Ca
* means which do not share matching letters are significantly 
different
(Duncan's multiple range test, P <0.05)
TABLE 19
GCMPARISCN OF TISSUE CADCILM CONTENT OF RATS
FED THE RICE REFERENCE DIET WITH SIMITAR
TISSUE OF ALL OTHER TREATMENT GROUPS
Liver Bone Kidney Spleen Muscle
0%Lysine+Ca SD NS NS SI NS
0%Lysine+Fe NS NS NS NS SI
0%LysinefFe+Ca NS NS NS NS SI
l%Lysine NS NS NS NS NS
l%LysinetCa NS NS NS NS NS
l%LysinefPe NS NS NS NS NS
l%LysinetCa+Pe NS NS NS NS NS
3%Lysine NS NS NS NS NS
3%Lysine+Ca NS NS NS NS NS
3%Lysine+Fe NS NS NS NS NS
3 %Lysine+Ca+Fe NS NS NS NS NS
5%Lysine NS NS NS NS NS
5%Lysine4Ca NS NS NS NS NS
5%Lysine+Pe NS NS NS NS NS
5%Lysine4Ca+Fe NS NS NS NS NS
Casein Control NS NS NS NS NS
Significance was determined by Duncan's multiple range test, 
P <0.05
NS = not significant 
SD - significant decrease 
SI = significant increase
TABLE 20
COMPARISON OF TISSUE CALCIUM CONTENT OF RATS
FED THE CASEIN REFERENCE DIET WITH SIMILAR
TISSUE OF ALL OTHER TREATMENT GROUPS
Liver Bone Kidney Spleen Miscle
0%lysine NS NS NS SI NS
0%lysinetCa NS NS NS NS NS
0%lysinetFe NS NS NS NS SI
0% ly sinetCa+Fe NS NS SI NS SI
l%lysine NS NS NS NS NS
l%lysine+Ca NS NS NS NS NS
l%lysine+Fe NS NS NS NS NS
l%lysine*Ca+Pe SI NS NS NS NS
3%lysine NS NS NS NS NS
3%lysine+Ca SI NS SI NS SI
3%lysine+Fe NS NS SI NS NS
3 % ly sine4Ca+Pe NS NS SI NS NS
5%lysine NS NS NS NS NS
5%lysine4Ca NS NS NS NS SI
5%lysine+Fe NS NS NS NS NS
5 %lysine+Ca+Fe NS NS NS NS SI
Significance was determined by Duncan's multiple range test, 
P <0.05
NS = not significant 
SD = significant decrease 
SI = significant increase
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Tissue Potassiun
Potassium, the principal intra-oellular cation is poised in the 
tissue in a reciprocal relationship with sodium, the one usually 
increasing in a certain tissue as the other decreases, keeping a 
fairly stable cation concentration in the cell. Calciun is also 
interrelated with potassium in maintaining a balance of potassium 
and calcium cations in the cell and with the regulation of ion trans­
port across cell membranes. Potassium and sodium ions tend to be 
held within a fairly narrow range under normal conditions, however, 
they move across cell membranes freely. With certain pathological 
conditions great amounts of potassium may be lost from the cell 
before depressed potassium values may be seen in the extracellular 
fluid. While potassium concentration tends to be constant in the lean 
mass of a given tissue, absolute values are affected by degree of 
hydration, which in turn is affected by osmotic pressures and other 
electrolytes, state of amino acid and glucose metabolism, degree of 
fatness, age of organism and growth status. Shifting demands of 
membrane equilibria, which may be considerably influenced by acid- 
base balance, are met by the movement of potassiun, moving more easily 
than sodium through the cell membrane, in and out of the cell.
The interrelationships between potassiun and lysine have 
been described in a number of systems including rat muscle 
(Levinsky, 1962). In some instances a high intake of lysine will 
result in loss of potassiun from the tissues. This is related to the 
growth-depressing effects of excess dietary lysine which appear
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dependent, in part, upon the nature of the dietary protein. Hie 
ocrpetition between lysine and potassiun for transport in the muscle 
and other tissue appears to depend upon the plasma lysine concentration 
as the critical factor. Kidney reabsorption of the oonpeting ion is 
inhibited only at a critical concentration. An insignificant change 
in tissue potassiun would indicate that the critical lysine plasma 
concentration for ccnpetition with potassiun transport had not been 
reached.
Potassiun content of the muscle, liver, kidney, bone and 
spleen was determined by flame spectrophotometry in this experiment. 
Significant differences in potassiun content of the tissues as 
determined by Duncan's Multiple Range Test are present in Tables 
21-25. A oonpilatian of statistical differences between the potassiun 
content of the various tissues and that of the two references groups 
are presented in Tables 26 and 27.
In this experiment, the tendency for tissue homeostatis for 
potassiun was shown when no lysine was added to the basal diet, for 
there were no significant differences among the treatments in the liver, 
bone, kidney, spleen and muscle groups ccmpared to the rice reference 
diet. All muscle variations did, however, contain less potassiun 
than the casein reference, though they were not different from each 
other. The variation in the muscle between the casein reference 
and the rice reference was considerable with the rice reference 
the smaller by a factor of 1.7. Weight gain of the 0% lysine group 
was less than the casein reference possibly contributing to this
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difference. Inherent differences in the amino acid pattern 
profiles of the rice protein and casein may have also caused an 
effect. While differences in the liver were statistically different 
at the 0.05 probability level, it is noteworthy that the 0% lysine + 
Fe was the lowest mean extreme value.
Like the 0% lysine level treatments, there were no significant 
differences from the rice reference treatment in any organ when 
1% lysine alone or with calciun or with calciun and iron was added. 
Adding iron singly to the 1% lysine treatment did cause a significant 
increase in spleen potassiun oatpared to the rice reference. Ihis 
treatment also contained more potassiun than the 5% lysine + Fe, 
which was not different fran the rice reference.
Hie treatments including 3% lysine showed three significant 
changes involving the liver, spleen and muscle. With 3% lysine 
only added, liver potassiun values were significantly greater than the 
0% lysine level, the 5% level and the casein reference. Ihis value 
was the largest mean extreme for all the liver potassiun values 
and was also greater than the 3% lysine + Fe + Ca value. It can 
be noted that the rice reference value fell mid-range in the values 
and was not different from the casein reference.
In the spleen, the addition of 3% lysine and calciun yielded 
a value that was the second greatest mean, which was significantly 
greater than the rice reference. In the muscle, the 3% lysine + Fe + 
Ca group contained more potassiun than the rice reference groups by a 
factor of 1.5, but was not significantly different from the values 
for the other treatments in the 3% lysine group.
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In the 5% lysine treatment groups, significant changes were 
noted in the muscle and the kidney. The muscle potassiun value for 
the 5% lysine + Ca group was the greatest mean extreme for the 
muscle potassiun values. This was greater than the rice reference 
by a factor of 1.5 and was also significantly larger than the 5% 
lysine + Ca + Fe treatment. Die addition of Fe to the 5% lysine 
diet gave a value in the muscle which was the lowest mean extreme.
It is interesting to note that in the kidney, the addition of 5% 
lysine gave values which were clustered at the lower end of the range 
of values. These values were not different from each other or the 
casein reference.
The rice reference and the casein reference were different from 
each other at the 0.05 probability level only in the muscle where 
there was more potassiun in the casein reference group.
It has been suggested that excess lysine may cause the loss of 
intracellular potassiun by a competition mechanism. In this experiment 
excess lysine (5%) produced a growth response that was excellent and 
was not statistically different from the 1% or 3% lysine supple­
mentation levels. Except for an apparent interaction with the Fe 
supplement at the 5% lysine level which lowered the kidney potassiun, 
the other significant changes were increases in potassiun content.
It is suggested that the structure of the rice protein used in 
this experiment was such that it lent a stability to the response 
to the various supplementation methods.
TABLE 21 TABLE 22
MEAN VALUES OF LIVER POTASSIUM
OF RATS FED ALL DIETARY
VARIATIONS
GROUPING* MEAN— ppm TREATMENT
a 2704.8 3%lysine
b a 2648.4 5%lysine*Ca
b a 2620.1 l%lysine+Ca
b a c 2520.8 l%lysine+Fe
b a c 2439.2 5%lysine+Fe
b a c 2368.1 0%lysinetCa
b a c 2358.5 l%lysine
b a c 2340.6 3%lysine+Ca
b a c 2316.4 3%lysine+Fe
b d c 2221.8 rice reference
b d c 2212.4 0%lysine+Fe+Ca
d c 2190.9 5%lysine
d c 2171.6 casein reference
d c 2132.9 3%lysine+Fe+Ca
d c 2132.7 1%lysine+Fe+Ca
d c 2123.7 5%lysine+Fe+Ca
d 1876.7 0%lysine+Fe
MEAN VALDES OF BCNE POTASSIUM
FOR RATS FED ALL DIETARY
VARIATIONS
GROUPING* MEAN— ppn TREATMENT
a 1589.8 3%lysine
b a 1559.5 l%lysine+Fe
b a c 1532.9 5 %lysine+Fe+Ca
b d a c 1498.8 rice reference
b d a c 1478.5 5%lysine+Ca
b d a c 1443.6 3%lysine+Fe
b d a c 1427.2 3%lysine+Pe+Ca
b d a c 1425.3 5%lysine+Pe
b d a c 1406.0 l%lysine+Fe+Ca
b d a c 1359.3 0%lysinef Fe
b d a c 1302.1 0%lysine+Fe+Ca
b d a c 1286.9 l%lysine
b d a c 1277.4 0%lysine+Ca
b d c 1244.1 l%lysinefCa
b d c 1233.6 casein reference
d c 1222.3 3%lysine+Ca
d 1155.9 5%lysine
*means which do not share matching letters are significantly different.
(Duncan's multiple range test, P <0.05)
TABLE 23 TABLE 24
MEAN VALUES OF KIDNEY POTASSIUM
FOR FATS FED ALL DIETARY
VARIATIONS
GROUPING* MEAN-ppm treatment
a 2330.1 l%lysinefFe+Ca
b a 2179.0 0%lysineK3a
b a 2153.6 rice reference
b a 2148.0 3 %lysinefPe+Ca
b a 2101.9 3%lysinefFe
b a c 2081.6 0% lysinef Fe
b a c 2071.3 l%lysine+Ca
b a c 2046.3 0%lysinetFe+Ca
b a c 2046.3 l%lysine+Fe
b a c 2035.7 l%lysine
b a c 1936.9 3%lysine+Ca
b a c 1913.3 3%lysine
b c 1859.0 5%lysine
b c 1786.0 casein reference
b c 1768.2 5%lysine+Fe+Ca
b c 1721.5 5%lysinefCa
c 1644.1 5%lysinefFe
MEAN VALUES OF SPIEEN POTASSIUM
FOR RATS FED ALL DIETARY
VARIATIONS
GROUPING* MEAN— ppn TREATMENT
a 4455.0 l%lysinefFe
a 4352.3 3%lysine+Ca
b a 4259.5 l%lysinefFefCa
b a 4194.9 3%lysinetFe
b a 4144.9 5%lysinetFe+Ca
b a 4039.0 5%lysine
b a 4028.3 3%lysine
b a c 3872.5 casein reference
b a c 3868.2 0%lysinefFe
b a c 3718.5 5%lysinefCa
b a c 3713.5 0%lysinefCa
b a c 3680.0 l%lysine+Ca
b a c 3679.4 1%lysinef FefCa
b c 3547.5 l%lysine
b c 3513.3 3%lysinefFe+Ca
b c 3417.0 rice reference
c 3186.8 5%lysinefFe
*means which do not share matching letters are significantly different.
(Duncan's multiple range test, P <0.05)
TABIE 25
MEAN VALUES OF MUSCLE POTASSIUM 
FOR RATS FED ALL DIETARY VARIATIONS
GROUPING* MEAN-ppm treatment
a 3505.9 5%lysine+Ca
b a 3490.4 casein reference
b a 3290.5 3%lysinetFe+Ca
b a c 2874.4 3%lysine
b a c 2871.9 3%lysine+Fe
b a c 2867.2 5%lysine+Fe
b d a c 2652.7 l%lysine+Ca
b d a c 2633.7 5%lysine
b d c 2528.0 3%lysine+Ca
d e c 2316.8 l%lysine
d e c 2243.6 5% lysine+Fe+Ca
d e c 2206.9 l%lysine+Fe+Ca
d e c 2073.2 0%lysine+Fe+Ca
d e c 2053.9 rice reference
d e 1784.7 l%lysinetPe
d e 1725.5 0%lysine+Ca
e 1528.4 0%lysine+Fe
*means which do not share matching letters are significantly 
different
(Duncan’s multiple range test, P <0.05)
TABUS 26
COMPARISON OF TISSUE POTASSIUM OCWTENT GF
RATS FED THE RICE REFERENCE DIET WITH SIMILAR
TISSUE OF ALL OTHER TREATMENT GROUPS
Liver Bone Kidney Spleen Miscle
0%Lysine+Ca NS NS NS NS NS
0%Lysine+Pe NS NS NS NS NS
0%Lysine+Ca+Pe NS NS NS NS NS
l%Lysine NS NS NS NS NS
l%Lysine+Ca NS NS NS NS NS
l%Lysine+Pe NS NS NS SI NS
l%Lysine+Ca+Pe NS NS NS NS NS
3%Lysine SI NS NS NS NS
3%Lysine+Ca NS NS NS SI NS
3%LysinetEe NS NS NS NS NS
3%Lysine+Ca+Fe NS NS NS NS SI
5%Lysine NS NS NS NS SI
5%Lysine+Ca NS NS NS NS NS
5%Lysine+Fte NS NS SD NS NS
5 % Lysine+Ca+Fe NS NS NS NS NS
Casein Control NS NS NS NS SI
Significance was determined by Duncan's multiple range test, 
P <0.05
NS = not significant 
SD = significant decrease 
SI = significant increase
TABLE 27
COMPARISON OF TISSUE POTASSIUM CCMTOIT 
OF RATS FED THE CASEIN REFERENCE DIET WITH 
SIMILAR TISSUE OF ALL OTHER TREATMENT 
GROUPS
Liver Bene Kidney Spleen Muscle
0%lysine NS NS NS NS SD
0%lysine+Ca NS SI NS NS SD
0%lysine+Fe NS NS NS NS SD
0%lysine+Ca+Pe NS NS NS NS SD
l%lysine NS NS NS NS SD
l%lysine+Ca SI NS NS NS NS
l%lysine+Fe NS NS NS NS SD
1% ly sine+Ca+Fe NS NS SI NS SD
3%lysine SI SI NS NS NS
3%lysinefCa NS NS NS NS SD
3%lysine+Fe NS NS NS NS NS
3%lysine4Ca+Pe NS NS NS NS NS
5%lysine NS NS NS NS NS
5%lysine+Ca SI SI NS NS NS
5%lysine+Fe NS NS NS NS NS
5%lysine+Ca+Fe NS NS NS NS SD
Significance was determined by Duncan's multiple range test, 
P <0.05
NS = not significant 
SD = significant decrease 
SI = significant increase
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Tissue Magnesiun
In oartparing the effects of dietary variation upon the 
magnesiim content of the five tissues analyzed, it can be seen 
by a survey of Tables 33 and 34 that tissue magnesiun levels 
differed from the casein reference only in the bone. When the 
rice reference diet was used only the bone and muscle exhibited 
differences. Analysis of the liver, kidney and spleen revealed 
that magnesiim was apparently not affected by any of the treatments 
ccnpared to either reference; the same was true of the muscle at 
the 0 and 1% lysine levels.
When no lysine or when 1% lysine was added, the rice reference, 
whose mean value was the upper extreme of the bane Mg values 
(Table 28), contained more magnesiim than the casein reference 
as well as more than those variations with Ca and with Ca and Fe 
added. Apparently at this lysine level, additional calciun depressed 
bone magnesiim values. Addition of Ca alone to the 1% lysine diet 
caused at 28% reduction in bone magnesiim resulting in the lower 
mean extreme value. It was shown in the discussion of tissue 
calciun that excess calciun, while lowering bone magnesiun, had 
no effect upon bone calciun. Ihere are suggestions in the literature 
that there is a ratio of calciun to magnesiim (6:1) in the diet 
that affords optimum absorption and utilization of the two in the 
bone in the formation of calciim-magnesiun hydroxyapatite. It is 
possible that excessive calciun, particularly the alkaline reacting 
Ca003, may hinder magnesiun absorption in the digestive tract, perhaps
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by a oonpetitive absorption type mechanism.
At the 3 and 5% lysine levels, calciun alone no longer 
appeared to have an effect upon bone magnesiun. Adding 3% lysine 
singly or with Fe did, however, lower magnesiun, and the addition of 
Ca and Fe decreased Mg in the bone and increased it in the muscle 
when ccnpared to the rice reference.
Adding 5% lysine increased bone magnesiun ccnpared to the 
casein control; this value, which is the second highest mean value was 
not statistically different from the rice reference which had no 
lysine added. Using the rice reference, it was seen that the addition 
of iron decreased magnesium in the bone and increased it in the muscle; 
iron Weis also increased in the muscle as shown in Table 31.
Lysine is sometimes used pharmaceutically to enhance calciun 
absorption, and in this case, may play a part in mitigating the 
contribution of calciun to the reduction of magnesiun levels. There 
is, too, the possibility that at the higher levels of lysine iron 
may accelerate amino acid metabolism in the muscle thus increasing 
magnesiun demand. It should be noted that while significant changes 
in the bone were statistically different from the rice reference, 
they were not different from each other.
TABLE 28 TABLE 29
MEAN VALUES FOR BONE MAGNESIUM
FOR RATS FED ALL DIETARY
VARIATIONS
GROUPING* MEAN-ppm TREATMENT
a 2171.3 rice reference
b a 2058.1 5%lysine
b a c 1958.0 l%lysine
b d a c 1934.5 5%lysinefCa
b d a c 1907.4 0%lysinef Fe
b d a c 1848.6 l%lysinetFe
b d a c 1824.4 5%lysine+FefCa
b d a c 1796.6 3%lysinefCa
b d c 1762.9 5%lysine+Fe
b d c 1726.2 3%lysine
d c 1661.8 0%lysine+Fe+Ca
d c 1648.7 3%lysine+Pe+Ca
d c 1648.3 casein reference
d c 1632.6 l%lysine+Fe*Ca
d c 1612.1 l%lysine4Ca
d c 1610.4 3%lysinetFe
d 1557.1 0%lysine+Ca
MEAN VALUES FOR KEENEY MAGNESIUM
OF RATS FED ALL DIETARY
VARIATIONS
GROUPING* MEAN-ppm TREATMENT
a 175.9 5%lysine+Pe+Ca
b a 169.4 0%lysine4Ca
b a c 166.5 5%lysine
b a c 162.3 l%lysine
b a c 162.0 l%lysinefCa
b d a c 161.8 rice reference
b d a c 157.8 casein reference
b d a c 157.1 l%lysinefFe
b d a c 151.2 0% lysine+Fe+Ca
b d a c 148.3 0% lysinef Fe
b d c 140.0 3% lysinef Fe
b d c 139.5 l%lysine+-FefCa
b d c 138.6 5%lysinefCa
b d c 136.3 3%lysine
d c 134.7 5%lysineHfe
d c 131.8 3 %lysinefFefCa
d 128.2 3%lysinefCa
*means which do not share matching letters are significantly different.
(Duncan's multiple range test, P <0.05)
TABLE 30 TABLE 31
MEAN VALUES FOR SPIEEN MAGNESIUM
FOR RATS FED ALL DIETARY
VARIATIONS
MEAN VALUES FOR MUSCLE MAGNESIUM
FOR RATS EED ALL DIETARY
VARIATIONS
GROUPING* MEAN-ppn treatment GROUPING* MEAN-ppm TREATMENT
a 243.2 5%lysine+Fe+Ca a 283.0 3 %lysine+Fe+Ca
b a 228.9 l%lysine+Fe b a 280.4 5%lysine+Fe
b a 227.7 0%lysine+Ca b a c 253.1 3%lysine
b a 222.8 3%lysine+Fe+Ca b a c 252.7 l%lysine+Ca
b a 218.9 1% lysine+Fe+Ca b a c 251.0 5%lysine+Ca
b a 215.2 5%lysine b a c 248.5 5%lysine
b a 212.9 5%iysine+Ca b d a c 242.3 3%lysine+Ca
b a 212.0 casein reference b d a c 236.3 casein reference
b a 207.4 rice reference b d a c 236.0 5%lysine+Fe+Ca
b a 204.8 3%lysine b d a c 233.0 0%lysine+Ca
b 198.8 l%lysine b d c 222.5 0%lysine+Fe+Ca
b 195.6 3%lysine+€a d c 210.4 rice reference
b 194.1 l%lysine+Ca d c 205.1 l%lysine+Fe+Ca
b 193.8 5%lysine+Ete d c 203.1 l%lysine+Fe
b 181.7 3%lysine+Pe d c 199.7 l%lysine
b 178.4 0%lysine+Fe d c 196.6 3%lysine+Fe
b 178.1 0%lysine+Fe+Ca d 185.2 0%lysine+Fe
*teeans which do not share matching letters are significantly different. 
(Duncan's multiple range test, P <0.05)
TABLE 32
MEAN VALUES FOR LIVER MAGNESIUM
FOR RAIS FED ALL DIETARY VARIATIONS
GROUPING* MEAN ~ ppm TREATMENT
a 205.3 1% lysine + Fe
a 197.3 3% lysine + Fe + Ca
a 197.0 5% lysine
a 194.7 5% lysine + Ca
a 194.6 1% lysine + Fe + Ca
a 194.3 3% lysine + Fe
a 191.3 5% lysine + Fe
a 188.9 rice reference
a 187.7 3% lysine
a 187.6 0% lysine + Fe + Ca
a 186.0 5% lysine + Fe + Ca
a 185.1 3% lysine + Ca
a 184.2 casein reference
a 182.1 1% lysine + Ca
a 172.9 1% lysine
a 171.2 0% lysine + Fe + Ca
a 162.0 0% lysine + Ca
* means which do not share matching letters are significantly 
different
(Duncan's multiple range test, P <0.05)
TABIE 33
COMPARISON OF TISSUE MAGNESIUM CCMENT OF
RATS FED THE RICE REFERENCE DIET WITH SIMILAR
TISSUE OF ALL OTHER TREATMENT GROUPS
Liver Bone Kidney Spleen Muscle
0%LysinefCa NS SD NS NS NS
0%Lysine+Pe NS NS NS NS NS
0%Lysine4Ca+Pe NS SD NS NS NS
l%Lysine NS NS NS NS NS
l%Lysine+Ca NS SD NS NS NS
l%Lysine+Fe NS NS NS NS NS
l%Lysine+Ca+Fe NS SD NS NS NS
3%Lysine NS SD NS NS NS
3%LysinetCa NS NS NS NS NS
3%Lysine+Fe NS SD NS NS NS
3%Lysine+Ca+Fe NS SD NS NS SI
5%Lysine NS NS NS NS NS
5%Lysine+Ca NS NS NS NS NS
5%Lysinet-Fe NS SD NS NS SI
5 %Lysine+Ca+Fe NS NS NS NS NS
Casein Control NS SD NS NS NS
Significance was determined by Duncan's multiple range test, 
P <0.05
NS = not significant 
SD = significant decrease 
SI = significant increase
TABUS 34
COMPARISON OF TISSUE MAGNESIUM OONT01T OF
RATS FED TOE CASEIN REFERENCE DIET WITO SIMILAR
TISSUE OF ALL OTHER TREATMENT GROUPS
Liver Bone Kidney Spleen Muscle
0%lysine NS SI NS NS NS
0%lysine+Ca NS NS NS NS NS
0%lysinetPe NS NS NS NS NS
0 % lysine+Ca+Fte NS NS NS NS NS
1%lysine NS NS NS NS NS
l%lysine+Ca NS NS NS NS NS
l%lysine+Pe NS NS NS NS NS
l%lysine+Ca+Fe NS NS NS NS NS
3%lysine NS NS NS NS NS
3%lysinetCa NS NS NS NS NS
3%lysine+Fe NS NS NS NS NS
3%lysine+Ca+Fe NS NS NS NS NS
5%lysine NS SI NS NS NS
5%lysine+Ca NS NS NS NS NS
5%lysine+Fe NS NS NS NS NS
5%lysine+Ca+Fe NS NS NS NS NS
Significance was determined by Duncan's multiple range test, 
P <0.05
NS = not significant 
SD = significant decrease 
SI = significant increase
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Tissue Zinc
Zinc is an essential trace element found in animal tissues 
in concentrations near those of iron and usually greater than 
those of most other trace elements. Zinc is involved in a broad 
spectrum of cellular activities being essential in the fundamental 
process of HNA and protein synthesis. It has been found to be a 
constituent of many enzymes including carbonic anhydrase, pancreatic 
carboxypeptidase, alkaline phosphatase, alcohol, malic, lactic and 
glutamic dehydrogenases, and tryptophan desmolase. Zinc acts as a 
oofactor in a variety of enzyme systems including arginase, enolase, 
several peptidases, oxalacetic decarboxylase and camosinase 
(Underwood, 1971).
Zinc absorption occurs mainly in the small intestine, pre­
dominately in the duodenum. Absorption is affected by a nunber of 
factors seme of which are: level of zinc intake, amounts and 
proportions of several other elements and dietary components, and 
the chemical form in which the zinc is ingested. Calcium-zinc and 
iron-zinc antagonisms have been demonstrated in the investigation 
of zinc absorption. High calcium intakes will sometimes potentiate the 
zinc deficiency syndrome in pigs, dogs and birds. Reduction of 
calciun intake will sometimes prevent teratogenic effects caused 
by low zinc intake in the rat. The effects of antagonism are more 
pronounced in zinc deficiency and the effects vary with different 
protein and amino acid sources. The presence or absence of phytates 
or natural chelates such as those contained in natural casein or
liver extracts also affect the absorption and zinc requirement 
in rats.
Tables 35 to 39 provide a listing of the mean values for 
tissue zinc found in this experiment; Tables 40 and 41 give a 
comparison of significant differences between treatments When 
compared to each reference diet.
Two organs, the liver and kidney, were not significantly 
affected by the dietary manipulations. The spleen zinc likewise, 
was not affected by the addition of lysine at any level nor by 
mineral addition at the 0% or 1% lysine levels. In the spleen, 
the rice and casein reference values were midway in the rauige of 
means and were not different from each other. All significant 
differences in the spleen were increases which occurred in the 
3% and 5% lysine levels. At the 3% lysine level, the addition 
of Ca and Fe almost doubled the zinc content ocrpared to the 
rice reference; at the 5% lysine level, adding Ca or Fe or Ca + Fe 
gave very high zinc values which were much larger than both 
reference figures. In several cases, these increased values were 
paired with decreases in bone and muscle, perhaps indicating a 
blockage of zinc mobilization in the spleen.
The bone zinc value for the rice reference was the greatest 
mean, therefore, all significant differences were decreases. 
Conversely, the casein reference value was the second smallest 
mean making all differences significant increases. There was a 
difference of a factor of 1.5 between the reference values.
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When ocnpared to the rioe reference, the addition of lysine 
at two levels, 1 and 3% caused decreases in bone zinc. The 
addition of calciun to the 0, 1 and 3% levels and the addition 
of iron to the 0, 3 and 5% lysine levels also caused significant 
decreases. Iron plus calciun caused decreases at the 1 and 3% lysine 
levels. All manipulations at the 3% lysine level reduced zinc 
content compared to the rice reference.
Those treatment values close to the rioe reference and which 
were not significantly different from it were significantly larger 
than the casein reference. They included 0% lysine + Ca + Fe, 1% 
lysine + Fe and 5% lysine + Ca + Fe.
When muscle zinc was analyzed, the casein reference value of 
30 ppn was found to be significantly larger than all other values 
including the rice reference which contained 23 ppn. All other 
values, when significantly different from the rioe reference, were 
decreases. The mean values for the rice treatments ranged from 23 ppm 
to 14 ppm which values are all greater than the 13 ppm cited by 
Underwood (1971) as an average for rat muscle. Possible interactions 
between the lysine and mineral supplements may have influenced the . 
random arrangement of zinc values in the tables of mean values.
Adding 1 and 5% lysine caused decreases in muscle zinc ocnpared to 
the rice reference; 3% lysine did not. Calciun addition at 1 and 3% 
lysine reduced the zinc content, but iron addition reduced zinc at 
the 0 and 5% lysine levels. The addition of iron and calciun at 
the 0 and 1% lysine levels gave the two lowest means, but at the
3 and 5% levels the values were not different from the rioe 
reference diet with nothing added.
It is difficult to postulate reasons for the disparities 
of zinc content in the various tissues without further detailed 
study. However, it is interesting to note that except in the 
spleen, the addition of supplements reduced tissue zinc content.
The spleen, which is a site for active zinc metabolism, accumulated 
zinc at the 3 and 5% lysine levels, when the calciun and iron 
supplementation was added.
TABUS 35 TABLE 36
MEAN VALUES OF BCNE ZINC
FOR RATS FED ALL DIETARY
VARIATICNS
GROUPING* MEAN-ppa TREATMENT
a 138.7 5%lysine+Fe+Ca
b a 129.2 rice reference
b a 125.9 0% lysine+Fe+Ca
b a c 123.2 l%lysine+Fe+Ca
b d c 117.1 5%lysine
b e d c 110.2 5%lysine4Ca
f e d c 102.8 3%lysine+Fe
f e d c 101.6 0%lysine+Fe
f e d 100.8 l%lysine
f e d 100.8 5%lysine+Fe
f e d 99.9 3%lysine+Ca
f e d 99.0 3%lysine+-Fe+Ca
f e d 96.1 l%lysine+Ca
f e d 96.0 l%lysine+FetCa
f e d 95.8 3%lysine
f e 87.7 casein reference
f 82.9 0%lysine+Ca
MEAN VALUES OF SPIEEN ZINC
FOR RATS FED ALL DIETARY
VARIATICNS
GROUPING* MEAN-ppn TREMMENT
a 81.3 5%lysinefFe
a 74.5 5% lysinef Fe+Ca
b 56.7 5%lysine-Ca
c b 48.3 3%lysine+Fe+Ca
c b d 38.1 5%lysine
c d 36.7 3%lysinefCa
c e d 35.1 3%lysine+Fe
c e d 28.6 0%lysine+Ca
c e d 27.8 casein reference
e d 25.3 rice reference
e d 25.2 0%lysinefPe+Ca
e d 20.3 l%lysine
e d 20.2 1% lysine+Pe+Ca
e d 20.2 l%lysine+Fe
e d 19.7 0%lysine4Fe
e d 17.8 3%lysine
e 15.4 l%lysinefCa
*means which do not share matching letters are significantly different. 
(Duncan's multiple range test, P <0.05)
TABLE 37
MEAN VALUES OP MUSCLE ZINC FOR
RATS FED ALL DIETARY VARIATICNS
GROUPING* MEAN-ppm TREATMENT
a 30.7 casein reference
b 23.8 rice reference
b 23.5 5%lysine+Fe+Ca
b 23.3 3%lysine
c b 22.7 5%lysine+Ca
c b d 19.7 l%lysine+Fe
c e b d 17.5 3%lysine+Fe
c e b d 17.4 3%lysine+Fe+Ca
c e b d 16.8 0%lysine4Ca
c e d 16.5 l%lysine+Ca
c e d 16.1 0%lysine+Fe
c e d 15.9 5%lysine+Fe
e d 15.1 l%lysine
e d 14.8 3%lysine4Ca
e d 14.8 5% lysine
e d 14.8 l%lysine+Fe4Ca
e 11.3 0% ly sine+Fe-fCa
*means which do not share matching letters are significantly 
different
(Duncan's multiple range test, P <0.05)
TABLE 38 TABLE 39
MEAN VALUES OP LIVER 
ZINC FOR RATS FED ALL 
DIETARY VARIATIONS
GROUPING* MEAN - pgn TEEA3MENT
a 53.4 1% lysine + Fe a 34.8
a 49.9 1% lysine + Ca a 33.9
a 48.8 0% lysine + Fe + Ca a 30.6
a 47.6 1% lysine a 27.9
a 42.0 0% lysine + Fe a 27.6
a 44.6 - 3% lysine + Fe a 27.5
a 43.9 5% lysine a 27.0
a 43.3 5% lysine + Fe + Ca a 26.6
a 41.9 5% lysine + Fe a 25.0
a 41.1 3% lysine + Fe + Ca 
1% lysine + Fe + Ca
a 24.4
a 40.3 a 24.4
a 39.6 casein reference a 24.2
a 38.4 3% lysine a 23.4
a 36.7 3% lysine + Ca a 23.0
a 35.8 rice reference a 23.0
a 34.6 0% lysine + Ca a 22.4
a 27.2 5% lysine + Ca a 21.9
MEAN VALUES OF KEENEY 
ZINC FOR RATS FED ALL 
DIETARY VARIATIONS
GROUPING* MEAN - pgP TKEA3MENT
rice reference 
1% lysine + Pe 
0% lysine + Fe + Ca 
5% lysine + Fe 
0% lysine + Ca 
1% lysine 
3% lysine + Fe 
5% lysine + Ca 
5% lysine 
3% lysine + Ca 
1% lysine + Ca 
casein reference 
3% lysine
5% lysine + Fe + Ca 
0% lysine + Fe 
1% lysine + Fe + Ca 
3% lysine + Fe + Ca
* means which do not share notching letters are significantly different
(Duncan's multiple range test, P <0.05)
TABLE 40
COMPARISON OF TISSUE ZINC CONTOtT OF RATS FED
THE RICE REFERENCE DIET WITH SIMILAR TISSUE OF
ALL OTHER TREA3TCOT GROUPS
Liver Bone Spleen Kidney Muscle
0%Lysine+Ca NS SD NS NS NS
0%LysinefFe NS SD NS NS SD
0%LysinefCa+Fe NS NS NS NS SD
l%Lysine NS SD NS NS SD
l%Lysine+Ca NS SD NS NS SD
l%Lysine+Pe NS NS NS NS NS
l%Lysine4Ca+Pe NS SD NS NS SD
3%Lysine NS SD NS NS NS
3%Lysine+Ca NS SD NS NS SD
3%Lysine+Fe NS SD NS NS NS
3%Lysine+Ca+Fe NS SD SI NS NS
5%Lysine NS NS NS NS SD
5%Lysine+Ca NS NS SI NS NS
5%Lysine+Pe NS SD SI NS SD
5%Lysine+Ca+Fe NS NS SI NS NS
Casein Control NS SD NS NS SI
Significance was determined by Duncan's multiple range test, 
P <0.05
N5 = not significant 
SD = significant decrease 
SI = significant increase
TABLE 41
COMPARISON OF TISSUE ZINC CONTENT OF BATS
FED THE CASEIN REEERENCE DIET WITH SIMILAR
TISSUE CF ALL OTHER TREATMENT GROUPS
Liver Bone Spleen Kidney Muscle
0%lysine NS SI NS NS SD
0%lysine+Ca NS NS NS NS SD
0%lysine+Fe NS NS NS NS SD
0% lysine+Ca+Fe NS SI NS NS SD
l%lysine NS NS NS NS SD
l%lysinefCa NS NS NS NS SD
l%lysine+Fe NS SI NS NS SD
l%lysine+Ca+Fe NS NS NS NS SD
3%lysine NS NS NS NS SD
3%lysine+Ca NS NS NS NS SD
3%lysine+Fe NS NS NS NS SD
3 % lysine+Ca+Fe NS NS NS NS SD
5%lysine NS NS NS NS SD
5%lysine+Ca NS NS SI NS SD
5%lysinetFe NS NS SI NS SD
5%lysine+Ca+Pe NS SI SI NS SD
Significance was determined by Duncan's multiple range test, 
P <0.05
NS = not significant 
SD = significant decrease 
SI = significant increase
SUMMARY AND CONCLUSIONS
The effect of lysine supplanentation of rice protein upon 
mineral utilization in the rat has been determined. Many indications 
of interaction between supplemental L-lysine, supplemental 
FeSo4• 7H2O and supplemental CaC03 with tissue levels of iron, 
calcium, potassium, magnesium and zinc have been reported.
In this experiment with laboratory rats, four levels of 
lysine were used to supplement a diet whose protein was composed 
of both native protein from the polished rice grain and simulated 
rice protein from free L-amino acids. Of interest was the effect 
that the various levels of lysine supplementation would have upon 
the levels of calcium, iron, magnesium, zinc and potassium in the 
rat in the femur, kidney, spleen, liver and longissintus dorsi.
Dietary minerals were obtained both from the basal diet and from 
supplements of Ca£X>3 and FeS04.7H20.
Computerized analysis of variance was employed in the search 
for significant interrelationships among supplement levels and 
tissue levels of the minerals mentioned, to serve as departure 
points for more intensive study. Differences in supplementation 
levels were intentionally large in order to emphasize responses 
which might be masked at lower levels of supplementation.
It was found that the effects of lysine supplementation 
were not predictable with the protein used, that is, there were 
no stepwise increases or decreases in mineral levels in the tissues.
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Elucidating a single cause for any response is inpossible because 
of the incredibly interwoven functions of the minerals in metabolism. 
However, significant lysine, lysine-iron, lysine-calcium, lysine- 
calcium-iron interactions were found in every tissue examined, 
though not for every mineral studied.
Seme highly significant interactions, at the probability level 
of 0.01 or less, suitable for further investigation, were found in 
each tissue. As interesting, however, were some negative findings 
of lack of interaction.
In the bone, calcification was not affected by any single 
supplement or combination of supplements. Apparently the quality 
of bone, though not the size, was the same when only the unsupp­
lemented basal diet was fed. Though calcium did not affect bone 
calcium, calcium and calcium-lysine did interact with bone magnesium. 
Iron levels were affected by iron and calcium and by lysine and 
calcium. Zinc levels were not affected by iron alone, but were by 
lysine alone, by iron plus calcium and by all three supplements in 
combination.
In the liver, zinc and magnesium levels were not affected 
by supplementation nor was iron at the 0.03. probability level.
Liver potassium interacting with iron and with lysine plus iron 
and calcium were highly significant at less than the 0.01 
probability level. Liver calcium levels were increased by lysine plus 
calcium.
The spleen as a site of active mineral metabolism had
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highly significant variations far each mineral. Iron levels 
were most affected by lysine, calcium and lysine-calciun; calcium 
was also influenced by lysine-calciun. Zinc, magnesiun and 
potassiun were interrelated at highest significance with lysine 
and iron combined.
Zinc and iron in the kidney were unaffected by anything.
Lysine was extremely inf luencial on potassiun and magnesiun values 
in the kidney, while lysine, iron and calcium also exerted a strong 
effect on kidney magnesiun. Kidney calcium levels were indicative 
of combined lysine-calciun action.
In the muscle, interactions with lysine alone were found 
with potassiun, calciun and magnesiun. Iron levels were greatly 
influenced by calciun supplementation but calciun values interacted 
with iron; muscle magnesiun was increased by iron, calciun and lysine 
combined.
Research continues to elucidate interrelationships among 
minerals necessary both in gross and in trace amounts. This study, 
as others have, further indicated that supplementation with a nutrient 
may not accomplish an increase of that nutrient, but may have no 
effect or an adverse effect on levels of that nutrient while also 
having far reaching unsuspected effects on the levels of other 
physiological substances in the organism.
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APPENDIX I
MINERAL CCMEENT OF KEENEY
RAT Fe Zn Na K Ca Mg
NO* ppm______ppm_____ppm_____ ppm______ ppm______ppm
1 102.1 43.1 1700.8 1700.8 280.1 182.0
2 126.5 34.0 1265.8 2239.5 104.7 159.2
3 85.9 26.8 1503.1 2147.3 85.9 137.4
4 111.5 29.0 1449.8 2230.4 101.5 152.8
5 141.8 41.3 1289.6 2450.0 191.5 178.0
6 111.0 21.2 1312.3 1817.1 96.9 138.0
7 109.2 20.0 1182.8 2183.8 147.3 130.0
8 88.8 27.7 1553.4 2108.3 86.8 160.9
9 107.3 22.7 1431.2 2146.9 143.7 169.4
10 107.6 23.5 1663.2 2152.0 102.7 143.4
11 138.0 35.0 1592.5 2654.2 273.9 184.7
12 96.4 20.4 1715.4 1822.7 109.9 160.3
13 115.3 29.7 1305.0 1949.1 246.2 175.6
14 88.8 20.0 1330.7 1885.1 107.6 135.8
15 114.8 33.0 1435.5 2584.0 363.9 190.9
16 164.1 38.7 1641.4 1876.0 163.0 157.1
17 99.1 21.6 1442.0 1712.4 190.6 159.5
18 116.3 20.9 1421.5 1809.2 558.9 130.5
19 123.2 35.7 1285.3 1842.8 207.1 140.5
20 107.1 36.1 1392.4 2991.4 207.3 168.7
21 125.8 25.2 1760.7 1676.9 91.8 156.8
22 114.0 30.4 1520.6 1520.6 123.1 148.7
23 108.6 21.7 1719.4 2352.9 74.2 128.5
24 106.2 33.0 1415.5 2123.3 211.2 153.4
25 109.6 19.5 1826.8 2801.1 261.9 233.8
26 98.6 35.0 1739.8 1739.8 261.9 153.0
27 101.1 21.6 1593.8 2041.2 89.2 159.8
28 89.7 91.8 1470.4 2021.8 93.0 137.8
29 192.4 20.2 1344.8 2353.4 94.0 168.7
30 113.1 24.9 1245.1 1811.1 182.0 176.0
31 153.7 23.8 1809.9 2357.9 124.4 149.9
32 73.6 21.2 1414.8 1692.6 143.5 150.9
33 82.4 18.9 1367.1 1682.6 160.2 157.2
34 91.0 15.4 1338.4 2265.0 193.5 178.6
35 137.5 20.8 1429.5 2340.7 104.6 177.4
36 115.7 30.6 1574.7 1689.4 121.5 136.2
37 104.5 31.5 1393.4 2735.4 182.5 156.2
38 80.6 29.0 1621.6 1714.7 157.7 166.6
39 83.9 29.7 1454.1 2392.1 178.7 140.3
40 57.8 30.2 1712.7 2125.3 299.9 153.8
41 83.6 24.6 1032.8 2569.0 123.3 141.9
42 101.2 16.5 1124.3 2439.0 138.5 138.7
43 93.4 18.0 1648.1 2023.8 294.0 130.5
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RAT
NO.
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83
84
85
86
87
79
Fe Zn Na
PPm_____ Ppm ppm
143.9 23.0 1620.6
117.9 29.6 1376.0
77.0 22.6 1430.1
95.0 24.2 1614.7
154.4 16.2 1637.3
141.1 27.6 1612.9
95.8 20.2 1246.3
95.8 26.8 1246.3
114.3 21.0 1142.8
>95.3 38.2 1271.1
105.7 28.6 1361.3
169.6 20.4 1177.3
188.4 27.1 1424.0
75.4 16.8 1434.0
110.1 19.0 1401.5
107.9 23.8 1835.1
109.3 20.1 1392.9
181.1 21.2 1195.5
121.4 45.3 1545.6
166.6 23.9 1353.7
142.4 19.7 1314.2
117.9 27.7 1095.2
83.9 19.5 1201.7
95.8 18.8 1278.0
109.1 22.8 1289.8
189.3 21.5 1462.9
112.2 21.3 1459.5
105.0 37.8 1399.2
120.2 21.6 1201.9
145.1 24.9 1763.1
88.5 30.1 1433.3
146.4 18.0 1261.7
137.1 27.3 1272.8
119.5 31.7 1057.4
155.1 32.5 1143.3
176.1 28.0 1290.6
90.1 22.2 1303.4
127.3 18.0 1261.7
162.7 27.3 1272.8
50.3 31.7 1057.4
89.2 32.5 1143.3
130.3 28.0 1290.6
99.4 22.6 1265.0
K Ca Mg
Ppn_____ ppm______ ppn
2431.8 176.8 132.0
1906.5 206.7 133.2
2064.1 141.6 112.4
1870.1 248.1 198.0
2184.6 241.4 129.5
1841.9 161.0 134.1
1612.9 183.0 110.9
2013.2 112.3 129.2
1793.4 159.8 139.9
1800.8 154.6 150.1
1921.3 138.2 143.8
2375.5 260.4 141.8
2707.7 133.4 135.3
1759.0 143.7 138.4
2002.0 120.0 114.5
1619.1 150.3 147.8
2023.4 161.3 125.8
2120.5 111.1 128.3
2097.5 164.6 114.5
2186.8 157.9 120.8
2190.3 213.2 160.8
1694.9 385.5 107.2
2218.5 342.5 132.7
2449.6 185.1 137.7
1885.1 135.8 141.3
1807.0 401.8 140.1
1908.6 119.2 242.1
1900.3 208.2 183.0
1682.6 86.6 136.8
1970.5 98.1 155.7
1867.2 166.2 152.7
1441.9 385.4 132.3
1378.9 217.6 120.2
1870.8 132.0 116.8
1670.9 364.5 135.9
1635.2 192.3 150.4
2331.6 159.2 176.4
1441.9 385.4 132.3
1378.9 217.6 120.2
1870.8 132.0 116.8
1670.9 364.5 135.9
1635.2 192.3 150.4
2083.5 107.0 152.6
80
RAT
NO.
Fe
ppm
Zn
ppm
Na
ppm
K
ppm
Ca
ppm
Mg
ppm
88 113.4 17.5 1237.6 1547.0 120.8 165.6
89 99.1 29.7 1386.4 1485.4 125.8 139.4
90 125.5 25.1 1290.1 1736.2 163.2 175.8
91 147.0 21.0 1365.1 1812.4 267.4 221.2
92 115.3 22.1 1420.7 1945.2 213.6 201.1
93 150.7 25.3 1378.6 1932.5 83.4 218.6
94 169.7 27.3 1414.1 1979.8 105.2 126.5
95 186.6 24.2 1317.7 1866.7 125.0 143.7
96 136.5 20.0 1274.2 1365.2 120.1 142.6
APPENDIX II
MINERAL CONTENT OF MUSCLE
RAT Fe Zn Na
NO. ppm ppm
1 31.9 20.3 893.2
2 32.1 21.6 737.5
3 32.8 40.4 1016.5
4 26.3 21.9 1052.2
5 35.4 15.0 984.8
6 38.2 19.1 955.3
7 50.3 13.9 892.1
8 42.7 16.2 786.4
9 36.5 11.7 1196.1
10 43.3 19.8 748.8
11 33.5 18.1 927.4
12 62.3 17.9 945.7
13 68.7 20.4 991.2
14 44.2 17.8 990.9
15 26.2 10.0 927.1
16 26.2 11.9 983.9
17 31.9 12.3 945.3
18 39.9 8.9 864.0
19 34.6 13.9 785.2
20 24.3 9.8 900.1
21 24.2 20.6 730.1
22 45.7 11.6 1106.8
23 41.4 10.9 728.1
24 28.0 8.7 927.5
25 26.9 20.4 702.5
26 63.0 18.7 3110.9
27 90.7 27.7 1165.4
28 32.3 11.3 1097.7
29 66.6 14.2 944.2
30 42.6 19.0 922.3
31 41.6 21.8 849.9
32 39.4 24.3 750.2
33 33.7 18.7 937.4
34 30.3 11.5 702.4
35 44.6 10.3 918.8
36 51.1 24.9 636.7
37 48.8 19.3 1247.8
38 36.0 14.3 1184.3
39 26.4 15.3 1415.3
40
41 33.8 15.8 1110.5
42 23.9 11.6 1087.0
43 37.1 18.8 1625.7
K Ca Mg
EPYl PEm ppm
1902.7 180.6 235.4
2361.8 100.8 241.8
1932.2 273.9 138.9
1630.8 123.7 222.4
2442.3 153.6 213.5
1751.4 159.2 200.6
1145.8 339.9 150.6
1028.1 165.0 124.8
1677.5 317.8 238.5
2039.2 384.5 211.6
1345.7 178.1 250.1
2374.2 240.1 232.8
1206.2 287.9 217.6
1744.1 129.2 231.2
1957.6 218.4 233.4
3019.0 329.5 232.8
2468.2 229.5 253.9
1152.0 306.6 163.5
1530.1 272.1 233.9
2196.7 412.2 228.6
3198.2 220.2 219.6
1706.8 177.8 206.4
1590.8 232.9 161.0
2897.9 148.8 224.1
1396.5 191.4 155.4
3110.9 180.7 231.7
2160.6 205.7 241.1
1699.4 157.3 154.0
1830.8 230.0 205.5
1615.6 159.6 199.4
1681.4 148.0 173.0
1720.5 131.8 245.6
2002.0 144.4 226.2
2784.5 110.8 214.8
2263.3 257.6 223.7
2954.0 83.9 384.5
1927.8 227.0 221.8
3984.8 159.0 245.7
1578.0 156.0 204.7
1751.3 245.4 166.0
3162.9 144.6 243.4
1519.2 213.9 243.0
81
82
RAT
NO.
Fe
ppm
Zn 
_ PPn
Na
PF™
K
ppm
Ca
ppm
M?
ppm
44 29.0 12.8 720.8 3023.4 159.6 168.4
45 62.9 27.8 1287.4 3142.8 268.7 235.7
46 65.2 22.4 1376.7 3014.7 170.4 345.6
47 53.2 25.7 1025.8 3095.2 144.7 237.2
48 30.2 22.6 750.1 2771.2 199.0 236.3
49 28.5 27.5 780.8 3275.4 250.4 270.0
50 21.5 14.1 1158.9 1947.6 195.4 194.1
51 45.1 25.8 1876.4 3710.6 105.4 203.5
52 44.6 17.6 1409.4 3316.7 129.6 100.0
53 28.5 15.4 1169.4 2768.7 171.7 318.1
54 54.8 17.5 1419.6 2296.2 206.0 215.1
55 37.3 13.7 1421.6 2477.8 143.0 149.6
56 48.1 15.1 1211.2 2661.8 180.3 193.8
57 26.6 10.3 855.2 3167.9 101.9 202.9
58 45.9 19.4 796.2 3300.8 126.8 266.3
59 58.7 12.4 1021.2 1930.2 220.0 284.9
60 15.9 19.9 776.5 2431.0 355.2 247.9
61 28.4 16.9 709.8 2042.5 175.0 227.9
62 22.9 10.4 956.9 2295.6 303.8 224.0
63 32.6 19.8 748.7 3300.6 144.1 369.2
64 28.9 20.7 1002.6 3140.2 89.3 301.6
65 32.8 18.6 768.6 3067.0 158.8 319.7
66 21.4 10.4 722.4 3408.5 78.1 236.4
67 17.7 19.2 710.9 3329.7 124.2 234.7
68 25.0 16.1 736.1 3497.5 117.6 236.6
69 28.2 15.6 638.3 1989.0 169.8 278.7
70 28.5 16.6 774.9 2268.2 88.5 269.3
71 28.5 12.2 651.4 3339.5 66.4 233.1
72 28.2 16.6 1061.5 2105.1 128.3 244.3
73 30.8 13.1 670.9 3138.2 151.1 231.1
74 29.7 15.2 793.2 2962.2 150.6 235.0
75 24.6 13.3 652.9 3367.5 119.3 303.7
76 24.6 13.3 652.9 3367.5 119.3 303.7
77 29.3 12.5 816.1 2731.7 142.2 264.2
78 69.4 22.6 903.8 2630.5 162.3 250.0
79 35.9 13.2 691.6 3470.0 142.4 272.2
80 45.8 20.7 1144.2 1636.1 333.4 289.1
81 37.1 29.6 994.8 3803.1 104.4 307.4
82 41.0 16.9 658.2 3386.4 229.1 228.0
83 52.1 20.6 708.6 3511.0 286.4 211.1
84 44.7 31.7 737.1 3397.0 386.1 268.3
85 29.4 18.4 932.4 2371.5 296.7 257.3
86 20.4 19.2 816.7 4566.5 236.0 234.0
87 43.9 25.8 651.1 3323.4 229.1 228.0
sn
RAT
NO.
Fe
ppm
Zn
PE™
Na
PE™
K
PE™
Ca
PE™
Mg
PE™
88 43.0 20.3 1312.1 1413.4 286.4 211.1
89 89.6 34.0 1496.9 969.5 286.1 268.3
90 69.1 22.8 1259.7 1312.6 296.7 257.3
91 35.6 16.1 1045.2 1985.8 236.0 234.2
92 46.5 22.1 1041.7 4457.2 79.7 217.6
93 25.6 38.5 898.6 3155.8 109.5 232.7
94 47.6 34.8 909.4 3350.8 121.9 242.1
95 34.8 26.9 880.8 4117.8 76.0 225.4
96 52.4 22.9 741.3 3337.3 121.7 245.1
APPENDIX III
MINERAL CCNIENT OF BCNE
RAT
NO.
Fe
ppm
Zn 
. Ppn
Na
ppm
K
ppm
Ca
ppm ppm
1 69.5 99.3 2370.2 1241.5 106,207.7 2143.0
2 67.7 153.8 2937.0 1538.5 123,776.2 2377.6
3 108.4 139.3 2815.1 1357.9 103,065.3 2189.5
4 75.9 121.2 2230.4 1762.1 95,888.3 1762.1
5 80.3 132.8 2321.3 1594.2 111,773.4 2384.5
6 67.9 99.6 2220.8 1230.1 105,327.7 1853.8
7 62.2 93.3 1910.8 1106.6 94,553.0 1721.4
8 62.1 97.4 2103.4 1660.5 94,947.4 1755.0
9 73.6 103.8 3195.3 1521.6 97,535.0 2130.2
10 89.6 114.2 2875.3 1278.0 102,076.6 2076.6
11 69.2 87.0 2503.5 1430.6 74,773.5 1526.0
12 105.2 83.5 2255.2 1406.2 99,498.9 1610.6
13 66.9 85.2 2655.4 1106.4 81,655.2 1438.4
14 71.5 82.1 2451.2 1385.4 96,868.0 1758.5
15 91.5 77.0 2508.6 1058.6 99,419.1 1452.3
16 121.8 127.3 2492.3 1222.6 104,925.7 1876.5
17 90.3 146.0 2528.0 1264.0 100,331.8 1580.0
18 89.9 132.5 2430.7 1215.3 88,830.0 1767.7
19 80.0 95.8 2776.7 1436.2 83,684.4 1723.4
20 86.2 127.9 2501.0 1372.6 97,328.6 1361.4
21 75.1 121.6 2184.0 1228.5 99,099.0 1774.5
22 98.8 97.8 2620.5 1403.8 113,242.2 2152.6
23 62.8 97.6 2401.1 1150.4 114,688.4 2308.3
24 94.9 86.8 2511.1 1362.2 97,971.8 1700.9
25 86.0 95.4 1917.1 1412.6 92,321.6 1816.2
26 86.0 106.1 2994.0 1164.3 104,291.4 1996.0
27 70.9 134.0 3222.2 1611.1 88,611.4 1711.8
28 71.0 116.5 2812.7 1324.5 94,308.4 1654.5
29 70.9 126.5 3365.1 1822.7 107,964.1 2103.1
30 95.7 152.6 2899.0 1288.4 109,357.3 2093.7
31 71.8 96.3 3350.5 1961.4 90,357.3 1689.0
32 74.2 113.3 2453.4 1349.4 97,522.1 1840.0
33 87.8 115.3 2827.2 1164.1 90,304.3 1663.1
34 71.3 94.3 2493.3 1496.0 84,471.9 1495.9
35 79.9 99.2 2756.9 1241.0 98,002.1 1447.9
36 63.7 99.0 2585.6 1241.1 92,460.4 1654.7
37 53.7 85.3 2179.7 1234.7 95,371.7 1532.0
38 56.6 83.8 2175.8 1087.9 100,880.2 1879.1
39 54.0 83.1 2287.2 1258.0 98,810.6 1829.8
40 58.3 111.2 2464.6 1348.8 91,928.5 1478.7
41 93.0 97.7 2255.7 1127.9 100,554.5 1973.8
42 79.8 112.0 2275.0 1408.3 93,380.9 1299.9
84
RAT
NO.
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83
84
85
86
87
85
Be
EE*n
Zn
PFm
Na
ppn
K
FFfn
Ca
EE«n
Mg
ppm
59.7 73.7 3662.5 1768.1 97,120.5 1641.8
71.7 98.3 2517.1 1525.2 96,080.1 1571.9
60.0 77.2 2338.8 1225.0 89,319.5 1670.5
77.2 104.9 3096.7 1981.9 112,845.3 2229.6
74.7 110.5 2357.5 1163.3 98,257.2 1480.5
103.7 100.2 2808.8 1744.2 88,605.3 1434.0
59.5 89.9 3050.8 1771.5 91,783.3 1476.2
74.1 92.3 3513.1 1653.2 108,826.2 2066.5
55.2 84.5 2971.3 1536.8 90,573.7 1639.3
68.9 86.9 1596.9 1644.3 97,826.5 1260.7
61.0 105.1 2569.4 1438.8 91,878.0 1695.2
81.2 115.9 2634.9 1638.9 93,802.6 1686.3
68.4 103.6 2619.0 1130.9 90,358.5 1473.2
79.3 121.3 3713.8 1271.9 107,907.6 1908.0
91.7 83.0 2673.3 1432.1 91,821.7 1632.1
53.6 82.5 2256.2 1230.6 105,322.5 1743.4
57.5 124.5 2555.2 1190.8 93,371.5 1606.9
95.8 89.6 2661.3 1158.8 93,500.8 1862.8
89.1 105.6 2723.1 1046.2 117,770.1 2092.3
81.7 114.4 2693.1 1275.7 108,343.4 1842.6
85.3 82.8 2498.0 1314.8 90,199.8 1446.2
67.4 94.1 2535.9 1169.4 94,319.5 1584.9
69.7 119.8 3167.0 1393.4 123,258.1 2026.8
70.6 91.4 2729.8 2140.7 95,705.8 1511.1
78.7 93.4 2426.6 1092.0 86,872.1 1456.0
58.2 113.0 2593.3 1453.3 89,004.1 1867.2
63.0 128.4 2441.1 1167.5 94,459.7 1910.4
103.3 105.2 2563.6 1084.4 98,345.5 1577.6
60.5 121.1 2933.6 916.8 104,693.8 2016.8
59.9 104.5 2999.2 1215.7 93,546.4 1505.6
61.4 119.0 3139.7 1395.4 128,090.0 2790.8
89.0 124.6 3467.4 1155.8 118,816.5 2547.8
59.0 69.1 2346.6 1340.9 92,075.0 1424.7
69.8 79.7 2482.9 1241.5 87,833.6 1551.8
70.9 101.4 2652.8 1389.6 100,050.5 1894.9
68.2 117.6 2598.4 1499.1 94,849.1 1499.1
66.2 113.2 2673.4 1336.7 94,881.7 1604.1
97.0 124.1 3817.5 1744.3 131,702.2 2602.8
70.8 89.4 2708.2 1861.9 100,541.6 1861.9
77.9 128.9 2076.3 1730.3 95,266.0 1884.2
71.4 84.7 2562.6 1182.7 104,277.5 1872.6
72.6 96.8 2567.9 1100.5 95,989.2 1711.9
87.3 154.8 3965.8 1189.8 124,840.4 2181.2
68.1 106.6 3461.1 1806.1 102,084.0 2095.5
199.4 182.4 3094.6 1547.3 104,372.4 1547.3
86
RAT
NO.
Fe 
.EET* . .
Zn
ppn
Na K Ca
ppm
Mg
ppcn
88 157.7 150.6 3190.1 2177.8 111,177.5 1814.9
89 102.7 124.8 3402.3 1504.7 90,068.7 2126.0
90 101.4 110.0 3201.0 1536.5 101,280.4 1792.6
91 65.0 144.2 3168.6 1296.3 97,546.3 1584.3
92 120.7 120.7 3216.7 1135.3 123,805.4 2081.4
93 63.2 85.2 1874.0 1124.4 95,952.0 1721.3
94 72.5 80.9 2594.9 1297.5 107,790.4 1946.2
95 71.9 94.9 2360.6 1089.5 94,541.4 1692.6
96 58.4 89.8 2343.8 1423.1 102,675.5 1233.4
APPENDIX IV
MINERAL CONTENT CP LIVER 
RAT Fe Zn Na K Ca Mg
NO. ppm ppm ppm ppm ppm ppm
1 128.1 29.9 806.7 2748.6 92.9 170.2
2 203.4 35.6 1197.0 1556.1 192.7 172.4
3 142.1 30.1 1235.2 2463.9 255.2 180.0
4 187.1 44.2 1656.6 2422.2 255.2 231.6
5 148.9 39.4 848.4 1918.2 152.4 190.5
6 194.5 72.8 1222.1 1365.8 197.4 199.5
7 160.5 52.8 1198.1 1886.3 242.7 174.6
8 145.1 31.7 1075.0 2101.1 145.2 184.7
9 139.7 25.1 1050.6 1985.3 209.2 187.4
10 152.2 27.8 1174.8 2045.0 248.4 191.6
11 191.4 30.4 1219.4 1829.2 173.2 196.1
12 160.4 36.4 1122.0 2539.3 112.2 164.8
13 152.1 35.1 1256.3 2560.3 106.0 150.1
14 128.8 36.7 1206.9 2413.8 102.0 146.6
15 133.7 34.2 1054.8 2498.2 95.5 152.4
16 133.1 107.9 1112.4 2016.3 135.1 169.2
17 125.6 33.9 966.8 2578.2 131.4 188.1
18 142.7 51.7 1076.5 1983.0 176.1 190.1
19 116.1 21.7 1151.7 2526.3 120.2 159.4
20 171.3 23.9 1009.8 1958.4 112.8 149.2
21 178.5 24.7 1032.4 2433.5 130.1 161.1
22 183.1 38.1 1011.9 2394.2 164.9 189.4
23 106.9 33.5 864.7 2470.6 143.2 183.0
24 184.7 40.2 1316.8 2257.3 138.7 177.8
25 179.0 65.1 1154.0 2373.3 136.0 160.3
26 184.3 84.3 1325.1 2222.6 182.0 165.8
27 253.7 91.5 1021.0 2420.0 205.3 186.2
28 281.0 60.3 964.5 2430.6 203.7 256.6
29 273.3 62.2 1290.7 2274.1 214.5 189.3
30 225.5 49.1 1018.5 2872.7 225.0 189.5
31 178.9 26.0 1029.4 2882.4 104.3 183.3
32 228.1 31.0 1020.5 2245.2 202.5 227.0
33 148.2 46.4 1140.8 2726.3 153.7 184.2
34 161.6 34.3 1126.8 2817.0 241.3 201.8
35 148.4 43.7 1177.1 2746.4 134.3 209.7
36 174.2 42.8 833.7 2513.0 158.9 192.3
37 116.8 74.7 1068.0 2450.9 93.0 150.8
38 140.1 57.7 1147.6 2467.3 101.3 154.0
39 172.1 46.3 1271.8 2736.2 134.3 148.4
40 311.8 35.1 1186.3 1673.6 307.1 230.1
41 183.1 29.0 1169.3 2063.4 191.9 195.7
42 155.6 61.4 1043.1 1995.8 251.0 187.0
43 171.8 36.2 1008.9 2333.6 129.6 231.2
87
38
RAT
NO.
Fe
ppm
Zn
PP™
Na
PPn
K
ppm
Ca
ppm
Mg
PPn
44 156.3 34.0 947.2 1994.0 268.9 175.0
45 200.6 36.2 1084.4 2249.1 138.3 204.4
46 187.5 34.0 1028.8 2645.4 136.5 185.9
47 188.7 44.7 1269.0 2944.0 147.7 240.8
48 148.3 36.2 1192.8 2361.1 223.3 204.1
49 180.3 37.7 995.2 2776.7 127.9 186.2
50 136.6 41.7 906.3 2752.6 95.7 104.9
51 131.3 29.1 852.8 2771.5 210.8 197.4
52 195.6 33.8 1036.2 2558.1 231.2 195.3
53 191.8 34.6 932.9 1997.9 171.7 213.3
54 215.3 29.5 1048.4 1863.8 179.7 201.5
55 202.7 44.7 1029.9 2460.4 143.6 194.8
56 184.9 95.8 1073.1 2246.7 106.4 163.4
57 136.4 32.1 893.8 2681.4 263.5 196.2
58 169.2 32.4 895.5 2423.1 186.5 203.1
59 183.3 37.6 1111.1 2136.8 201.1 189.3
60 167.1 35.8 1167.2 2078.8 198.1 175.8
61 166.6 34.7 1050.8 2388.1 146.6 177.2
62 168.1 47.8 1070.4 2335.8 281.1 168.7
63 191.1 48.2 1107.4 1930.4 147.4 174.3
64 166.0 40.5 1257.8 2246.0 189.1 201.6
65 130.9 29.5 984.4 2416.2 147.8 178.8
66 138.7 38.3 859.8 2333.7 116.2 182.0
67 200.6 41.6 1513.7 1926.2 190.7 238.7
68 233.7 48.7 1122.3 1945.4 262.6 208.4
69 205.0 47.9 987.7 2918.2 160.9 194.6
70 155.1 28.6 668.4 2359.7 152.8 175.5
71 134.5 74.4 825.7 2241.1 220.0 209.2
72 170.1 31.8 1240.9 2144.9 276.4 198.2
73 187.5 52.7 1097.7 1617.7 151.5 203.9
74 150.1 27.8 1348.5 1864.1 179.1 200.3
75 139.8 27.8 1191.3 1687.7 160.8 173.0
76 191.9 35.3 1056.1 2534.6 116.8 200.3
77 178.0 55.9 1090.2 2474.0 201.1 222.4
78 233.4 48.2 1409.3 3423.3 160.2 208.8
79 175.9 32.0 957.2 2091.6 114.2 167.9
80 20.3 52.1 953.3 2424.1 144.2 175.2
81 14.7 35.2 930.9 2755.4 146.7 180.2
82 197.8 30.4 982.7 2711.9 170.8 176.7
83 153.8 21.9 1051.9 2546.8 142.9 179.4
84 192.6 25.8 1088.2 2600.3 145.6 229.4
85 170.8 22.7 1004.1 2664.8 162.8 190.9
86 200.3 27.2 996.5 2611.6 111.5 211.7
87 234.2 63.1 1229.7 1924.3 207.9 205.8
89
RAT
NO.
Pe
PP«n
Zn
ppm
Na
ppn
K
ppn
Ca
ppn
Mg
ppm
88 175.8 50.8 913.1 2219.6 214.9 193.6
89 138.6 30.6 1015.7 2380.2 133.2 192.1
90 166.2 37.8 996.4 2164.4 260.2 192.1
91 218.4 40.1 989.4 2152.4 230.7 186.4
92 167.9 37.6 1412.5 1901.4 170.9 146.0
93 167.1 40.8 1123.9 2107.7 120.6 209.7
94 142.8 23.9 929.8 2169.6 105.4 166.0
95 161.3 58.2 1011.1 2291.9 174.3 190.8
96 170.2 35.6 1078.0 2117.4 149.8 170.4
APPENDIX V
MINERAL CONTENT OF SPIEEN
RAT Fe Zn Na K ca Mq
NO. PE*n PPn PPn PPn ppn ppn
1 370.6 18.6 1202.4 3556.3 165.1 187.1
2 368.0 20 .0 961.7 3629.0 122.5 206.8
3 459.5 36.0 1423.1 3029.9 126.1 244.8
4 450.7 26 .9 807.8 3117.9 145.9 167.9
5 378.1 25.2 1735.5 3752.1 140.7 230.4
6 428.6 16.0 911.7 3198.9 159.9 166.5
7 378.5 27 .1 1156.8 4141.7 125.2 152.3
8 406.7 11.8 947.3 3355.0 96.8 216.1
9 274.3 27 .0 893.7 4468.4 130.8 199.5
10 360.9 16.7 868.8 4177.1 171.3 157.9
11 326.2 50.8 969.2 4461.5 126.9 345.4
12 293.5 23.2 812.6 3648.4 80.5 216.4
13 350.5 2 0 .1 1160.7 3147.7 281.3 203.0
14 167.8 15.3 890.0 4196.3 274.2 186.9
15 258.9 33.9 1425.8 3113.7 289.2 186.8
16 194.8 40.9 1002.1 4136.2 62.6 9 4 .1
17 257.8 16.0 1846.3 3843.1 71.6 212.2
18 374.1 36.7 1101.5 4967.6 73.4 209.5
19 360.9 18.1 1060.2 4060.4 206.0 226 .0
20 343.2 14 .5 999.0 4290.4 110.1 149.1
21 222.6 17 .0 711.2 4019.7 144.7 209.5
22 242.7 30.8 770.0 3622.5 120.1 217.4
23 191.4 15.3 915.6 3745.8 80.5 212.3
24 289.8 12.5 845.9 2976.2 102.4 156.6
25 307.0 23.7 712.0 3322.7 238.7 167.7
26 236.4 19.8 694.3 3141.0 105.6 201.7
27 207.3 14.5 1082.5 4298.2 124.4 205.9
28 277.8 20 .0 1082.9 3704.8 69 .1 304.5
29 270.2 13.8 1635.1 5261.6 67.3 200.5
30 270.0 32.8 1514.6 4555.4 92.7 205.0
31 325.9 14.1 1005.8 3900.6 141.8 210.2
32 271.9 29 .3 852.2 3652.1 192.0 215.0
33 326.0 15 .0 971.6 3363.2 99.1 189.2
34 288.8 15.4 1234.6 3747.7 87.3 199.5
35 220.2 14.7 970.0 4115.2 92.7 218.4
36 316.0 19.1 1016.7 3641.8 141.8 213.8
37 318.7 13.7 1012.8 3630.8 190.0 204.1
38 232.6 14.8 1179.2 3581.4 140.5 139.8
39 295.8 11.1 996.4 3479.3 122.6 196.1
40 339.9 17.9 1180.9 3757.4 100.2 254.1
41 249.9 8 .2 931.1 3450.1 100.5 195.2
42 256.8 32.3 675.0 3374.9 170.9 233.3
43 275.0 28.8 677.2 3639.1 124.3 233.5
90
RAT
NO.
44
45
46
47
43
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83
84
85
86
87
91
Fe Zn Na
ESS______ ppn ppn
282.9 23.4 1000.2
282.3 17.2 845.4
322.3 22.7 923.1
307.0 12.7 1101.3
287.5 18.3 784.0
274.1 15.7 800.0
287.4 20.6 1030.5
242.6 75.1 987.9
279.7 44.7 964.5
290.2 15.5 880.3
308.7 18.0 1022.9
283.0 39.4 1252.3
327.1 18.3 979.3
201.7 35.5 900.5
345.2 20.1 1038.9
231.6 16.3 1031.1
259.8 27.0 1130.2
293.5 76.5 1108.0
236.8 45.0 726.5
266.5 67.4 827.0
258.2 21.0 1255.9
218.0 59.0 1014.7
298.2 38.0 979.5
358.2 27.8 1579.5
314.7 77.0 882.4
261.2 19.4 820.9
339.7 43.0 952.1
301.9 39.8 915.9
268.7 60.3 846.1
273.8 42.9 1019.6
318.6 23.7 836.0
248.6 77.9 834.8
246.9 69.8 920.6
245.7 73.4 721.0
280.1 95.3 1048.3
281.6 99.7 777.2
316.6 72.2 1137.4
184.4 27.7 961.4
200.4 89.5 1149.1
210.6 73.3 870.0
174.9 96.0 903.8
222.3 26.1 937.2
260.1 27.9 890.4
194.2 70.4 939.3
K Ca Mg
ppn pjjrt______ ppn
4375.6 136.0 201.6
4441.8 154.9 197.4
5296.6 67.3 220.9
4216.2 150.1 181.2
3658.7 79.7 201.2
3934.0 76.1 220.3
2622.9 124.7 208.2
4377.2 93.8 207.0
3857.9 170.5 175.0
3806.3 85.9 158.8
3409.9 141.2 180.3
5236.7 123.1 169.5
4481.3 146.1 200.1
4185.7 72.9 216.3
4524.1 287.4 199.4
4522.4 111.3 203.5
3879.9 221.0 161.3
4353.0 106.8 198.0
4649.1 82.5 195.4
3829.6 80.5 192.2
3837.4 105.5 240.7
3976.4 181.0 239.3
4093.6 116.2 262.4
1180.6 133.9 184.5
4162.5 84.1 218.1
4776.1 86.7 215.7
3685.5 115.5 240.6
3956.8 113.0 203.6
3859.3 94.3 208.1
4171.1 113.7 203.6
3785.5 85.4 220.0
2903.8 156.4 175.1
2903.8 146.2 183.1
3186.2 274.8 166.2
3204.3 189.1 224.0
3403.6 84.3 220.7
3519.6 153.9 193.8
3791.5 98.1 183.7
3951.0 91.5 237.2
4543.0 63.3 219.8
3351.8 78.3 207.7
2833.4 174.4 178.7
3840.4 68.1 250.5
3690.0 120.0 180.2
RAT
NO.
Fe
ppm
Zn
PPm ....
Na
ppm
K
ppm
Ca
ppm
Mg
ppm
88 215.9 84.9 964.4 3742.6 108.7 313.8
89 225.4 84.9 767.1 3839.5 143.7 215.2
90 306.5 58.9 1134.4 4910.2 77.7 220.1
91 347.1 71.2 1242.2 4567.0 151.0 235.7
92 320.7 77.0 1146.5 4120.3 75.0 294.7
93 277.0 18.0 643.5 4041.9 137.0 179.6
94 294.2 35.4 986.0 3543.3 147.2 212.6
95 279.7 27.3 771.6 4018.6 93.2 235.5
96 280.3 30.8 1077.2 3886.2 122.1 220.3
APPENDIX VI
INDIVIDUAL WEIGHT GAIN AND POOD INTAKE
RAT PEN WEIGHT GAIN POOD INTAKE
NO. NO. GRAMS GRAMS/PEN
1 1 106.0 358.0
2 2 117.0 739.0
3 2 120.0
4 3 102.0 740.5
5 3 78.0
6 4 108.0 758.0
7 4 135.5
8 5 114.0 736.0
9 5 105.5
10 6 100.0 374.5
11 7 108.0 615.0
12 7 117.0
13 8 65.5 745.5
14 8 119.5
15 9 56.0 301.0
16 10 103.0 741.5
17 10 109.0
18 11 76.5 761.5
19 11 103.0
20 12 100.5 301.0
21 13 146.0 789.0
22 13 134.0
23 14 168.5 789.0
24 14 120.0
25 15 133.5 789.0
26 15 132.0
27 16 128.5 787.5
28 16 156.5
29 17 130.0 750.5
30 17 139.5
31 18 126.0 687.5
32 18 136.5
33 19 112.5 744.5
34 19 121.0
35 20 140.5 767.0
36 20 145.5
37 21 137.0 758.0
38 21 142.5
39 22 124.5 746.1
40 22 104.5
41 23 136.0 746.5
42 23 131.5
93
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83
84
85
86
87
88
94
PEN WEIGHT GAIN
NO. GRAMS
24 135.0
24 138.0
25 137.5
25 142.5
26 122.0
26 159.0
27 168.0
27 133.5
28 158.0
28 143.5
29 149.5
29 129.0
30 130.0
30 128.0
31 136.0
31 119.0
32 129.0
32 165.0
33 124.0
33 152.5
34 131.5
34 128.5
35 149.5
35 153.5
36 133.0
36 143.0
37 131.0
37 128.5
38 117.0
38 128.0
39 143.5
39 139.0
40 142.3
40 122.0
41 145.5
41 131.0
42 124.0
42 104.5
43 155.5
43 122.5
44 151.0
44 132.0
45 111.0
45 135.0
46 132.5
46 132.5
47 142.0
47 115.0
FOOD INTAKE 
GRAMS/PEN
764.5
770.0
746.5
774.5
779.5
765.0
745.5
767.0
707.0
635.0
720.5
769.0
762.0
669.0
760.0
734.5
755.0
774.5
725.0
781.0
784.0
732.5
731.0
737.5
RAT
NO.
FEN
NO.
WEIGHT GAIN 
GRAMS
FOOD INTAKE 
GRAM5/FEN
91 48 161.0 762.0
92 48 124.0
93 49 133.5 749.5
94 49 133.5
95 50 126.5 763.5
96 50 141.5
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